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THE MIG-21F-13 TECHNICAL DESCRIPTION
} First Book
" Flight Characteristics
f .
! T Chapter 1
!
' GENERAL DATA
‘The jet aircraft MiG-21F-13 is a tactical supersonic fighter. o : N
- The MiG-21F-13 aircréft is a single-engine fighter, with ome turbojet .
engine, with delta wing and contrellable stabilizer; it is armed with two
'! self-guiding rockets K-13 and cannon NR-30.
\ The basic flight chaqacteristics-of the MiG-21F-13 are given in Table
. : . :
'Cil . 1
B ;/'
P ' ) ~Table 1
| '
‘ Flight Charactetiscics of the Aircraft
L . 1 Maximum speed in‘km/hr 2125 (at an altltude of 12,5 to B
: o -18.5 km) ' ////,/f’*’
2 .Static ceiling in meters " 19,000 (at M=1.85) ‘
| 3 Time to climb to practical ceiling
S : in minutes up to 6
| .
4 Time of climbing to static ceiling
in minutes:
| . .
, ‘ a) with afterburner turned on at
+ ' the moment of takeoff (without
turning during climb) . 13.5
b) With afterburner turﬂed on at
| : an altitude of 8000 m.(with
T 180° turn during climb) 16.9
‘ 3 Gi;w 1 . ”)1(‘
o . -1 - Exciuged from et
= S-E-C-R-E-T | e

0 | rm-m-50>'<1 HUM
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5 Maximum tactical range at an
altitude of 11,000 m, in km (at
fuel density = 0.83 gr/cm3)

without suspension tank - = 1400
with suspension tank o 1670 ] . v ' o

-6 Maximum tactical duration at an
altitude 11,000 m in hr-min (at
fuel dens1ty = 0.83 gr/cm )

without suspension tank . 1 hr 13 min
with suspension taqk . 2 hr 3 min

.7 Takeoff run in meters pith »
afterburner / 800

f
i

8 Length of landing run/in meters

‘ with brake parachute : ? ) 900
without brake parachute i‘ ‘ izoo to 1800
_ <:;> 9 Takeoff speed in km/hr i | 315 to 330
10 Landing speed in km/hr % | : 260 to 270

. Remarks: Ranges and fligﬁt_durations are given for a s{ngle aircraft with

reserves of 7% of the initial fuel locad, allowance f?t seven minutes/of - ‘ R
. . ) / .'A ! 0 Lo
engine operation on the ground prior to takeoff, a?ﬂ with the external tank -
) , y ]

/

being jettisoned when empty..

. . ‘ / .
The strength of the MiG-21F-13 is calculated in accordance with the
following data: // o . /
Table 2 |/ o

Structyral Limitations of the Aircraft / o
Maximum operational load factor 7. /J /"
, . tor /
Maximum indicated speed in km/hr ' 1250

2

-7

C 3 | ' S-E-C-R-E-T l &
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Maximum Mach ar of flight 2.35

Maximum head pressure in kg/m2 ' 7500

J ) -
The suspension tank and its attachment is figured by the following

-

e

limits (when flying with filled and empty suspension tank).

Maximum-permissible indicated

speed km/hr . : » 1000
Maximum permissible Mach nr 1.8
Maximum head pressure in kg/m? - 4830
Maximum operational load-factor 6 - Y
Table 3

Basic Weight and Centering Characteristics

of the MiG-21F-13 Aircraft

Initial weight kg g . - 7370

Landing weight (minimum at 7% fuel
supply in main tanks less K-13
rockets and cannon shells) kg 5217

Weight of fuel kg (at gamma = .83
gm/cm3) 2080

Practical center of gravity travel v
in % MAC . 31 to 35

Total center of gravity travel in
% MAC - _ ' 31.3 to 36.3

General view of the MiG-21F-13 aircraft is shown in Fig 1, 2, 3.

Table 4

Geometfic Data of the MiG-21F-13

Wing area . ' 23 m?
Wing span _ _ ) 7.150 m
3 | .
.-3.
S-E-C-R-E-T
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Mean aerodynamlc chord of the wing

"Angle of wing sweep-back along leading edge

Angle of dihedral "V'" of the wing

Area (ovefall)'of two ailerons

Maximum angle of deflection of ailerons /
(perpendicular to the axis of rotation) -/

Length of trim tab (only on 1eft aileron) /

Width of trim tab (peﬁpendicular to trailing
edge) | /
. 1 /

Flap area (2) ' /

Angle of flap deflectfon for takeoff and
landing {from the streamline position)

Total area of two forward speed brake panels
! ‘

Area of rear speed brike panel

Maximum angle of deviation of two forward
braking panels

' Maximum angle of deviation of ome rear

"braking panel {
I

Area of horizontal empennage
. |

© Maximum angles of stabilizer deflacktion:

|

Nose of stabilizer'§ef1eCted upwards
: |
Nose of stabilizer'?eflected downwvards
- 1
Vertical stabilizer area

Maximum angle of deviation of rudder (perpen-
dicular to the axis 'of rotation)

Length of aircraft (in line of flight)
Without pltot tube

With pitot tube

S_E-C-R-E-T

25

N

57
/

15.76

4.002 o
deg
-2 deg
1.18 m?
120 deg
0.4 m
0.01- m
1.87 nl
24,5 deg
/’ /
0.76 w?
0.47 'm?
deg
40 deg
3.94 m?
7.5 deg
16.5 deg
4.45 n?
25 deg
13.46
/:
m

]
\
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Height of aircraft (when parked with

non-compressed shock absorbers) 4.10 m
Width between landing gear wheels 2.69 m
Longitudinal base of landing gear ~ 4.81 m
Standing angle of aircraft (with uncompressed

shock absorber) 0°16
Landing angle of aircraft (with shock ‘

absorbers uncompressed) © 14°03

Chapter 2

FLIGHT CHARACTERISTICS OF THE ATRCRAFT

The flight characteristics of the MiG- 21F 13 aircraft include: maxi-
mum speeds at flight altitudes, ranges and flight durations, stability
_ qualities, controllability and maneuverability as well as takeoff and
landing qualifies.
-<::> . , _ All data, with the exception of stability qualities, controllability

and maneuverability are given for standard atmospheric conditions.

-‘ 1 Speeds and Flight Altitudes
| The MiGFi1F313 aigcraét has a wide range of cruising speeds: from’
minimum V ofbthe instrument = 215 km/hr to supersonic speed of 2125 km/hr |
at altitudes of more than 12,300%. o :
" Maximum cruising speed is attained during accelerations, when the :

engine is working on afterburner, at altitudes ranging from 12300m to 18500m.

©Te T B0X1-HUM

\ . .' .- .“., . .v.s.‘ . 3 ";‘ E ‘:y. |
= : : : . -+ §.E-C=-R-E-T . s -
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The aircraft, under power, has the ability of continuing acceleration; .

to greater speeds. ; : /

K

The following maximuﬁ,permiscible operationalrspeeds/Mach nrs of
flight are established for:the Mid-ZlF-lS aireraft poth with.and withoutl_ﬁ'.
the K-13 rockets: ‘ 1 A "

a) With K-13 rockets;suspehded and without them (with pylons) t¢fﬂ

. H=0-5000m - indicated speed Vind=1100 km/hr , PR

(according to the wide arrow) o :.'." o
H=5000-12,300m - indicated speed Vind=1200 km/hr ’ . .
. . J(according to the wide arrow)‘ / B
. ) ' i ' : -/
H=12,300m and ab?ve - Mach nr=2,0" : e

’

b) With non- controllable migsiles S5-5M or S-5K (auspended instead of
K-13 rockets) {

H=0-13,500m - indicated speed Vind=1200 km/hr
(according to the wide arrow)

. l
<:;; H=13,500m and over - Mach nr=1.8
| : | i
TS / _ , c) With suspended fuel tanks (filled and empty), with K- 13 rockets
: » or with missiles :5-5M or $-5K, as well as without rockets and

missiles (with suspension tanks only)

H=0- 12 000m - indicated speed Vind=1000 km/hr
(according to the wide arrow)

H=12,000 and over - Mach nr=1.6 " Fig 4 and 5

Best operational speed for level flight and maneuver Vind=350 km/hr,

For the MiG-21F-13 aircraft with K-13 rockets»tﬁe static ceiling at
full afterbcfning, is best at M=1.8 to 1.86 and = 19,000m, and without K-13L
rockets = 19,500m. For the MiG-21F-13 aircraft with K-13 rockets and with
suspension tank the static ceiling equals 17,500m at M=1.6; The redcccioh
in ceiling of iSOOm is duo to the additional drag of the suspension tcnki.
and a reduction df Mach number in climb to M=1.6. »

6 .

| . . : o -6-
| C’ . : S-E-C=R-E-T
| : |

5OX1 HUIVI
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Practical ceiling of the aircraft with two missiles S-5M or S-5K
without suspension tank is 17 to 17.5 km depending on the fuel supply.

MiG-21F-13 aircraft possesses gréater vertical climb velocities,

‘the value of which at small altitudes with afterburner equals 130 to

140 m/sec and at maximum power without afterburner, 70 to 80 m/sec.
Depending upon the climbing profile and the mode of engine opera-'
tion the static ceiling can be reached in various times and with the-
consumption of various quantities of fuel. One of the schedules con-
cerning minimum fuel consﬁmption in climbing to static céiling recom-

mends the following sequence:

- Takeoff and climb to 8000 m and at maximum non-afterburning“ppwer‘

at true speed of 925 to 930 Eﬁfhr.
- At an altitude of 8000 m, the aftérbdrner is cut in and thé
aircraft c¢limbs to an altitude of 12 000 to 13 ,000 m, with an accelera-

tion up to M=1,1 to 1. 35, simultaneously with a ‘180° turn. After this

the acceleration to M=1.8 to 1.85 and climb~to the practical ceiling at

'a constant M=1.8 to 1.85 is éccomplished.

' The vertical velbcitiqé-of.the aircraft MiG-21F-13, Mach numbers in

climb, and time of climb are shown.in Fig 6, 7, and 8.

For the MiG-21F-13 aircraft with afterburﬁiﬁg during climb, the time’

to c¢limb to 5000 m = 2 min, 10,000 m = 3.2 min, 15,000 m = 5.5 min. When

using maximum power to an altitude of 8000 m the time of c¢climb to each

indicated altitudes increases, for example for 10,000 m to 6.6 min. The

~ time is indicated from the moment of takeoff.

Remarks" The time for takeoff Tun and. acceleration to.a climbing speed
at maximum power equals 1.5 min and with afterburning equals 1 min

7

 S-E-C-R-E-T

<
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The flight profile and operating mode of the engine when flying with ‘
suspended tank remain unchanged, but the time to climb to altitude with
suspended tank increases by approximately 0.5 min for an altitude of 5000m,:;

and correspondingly by 2.5 min for an altitude of 10,000m. To increase _
. I

_— - . o . )

the rate of climb (to reduge the time of climb) the suspension tank can be

released after the fuel frgm it has been consumed. With this available .
fuel system the fuel from ﬁhe suspension tank is consumed completely when N
reaching an altitude of 11,000 to 12,000m. | |

In Fig 9 and 10 are given gpproximate practical consumptions of fuel
for various altitude climbing schedule§.

2 Range and Flight Duration

The MiG-21F-13, as well as any other éupersonic aircraft, possesses
various characteristics with,respeét to range and flight duratioq depending '
‘ upon the speed‘and flight altitude.
(:;:‘ When stricfly adhering to the recommended flight profiles from the
point of takeoff to reaching the ceiling, the amount of fuel consumed in
the attainment of the practical ceiling of the MiG-21F-13 aircraft is 800 .
to QOOlliters'and the-fligbt duratioﬁ of the aircraft to the point.of the
ceiling is about 6 min. ‘
The time of climbing to static ceiling can be reduced b& 0.5_min"wi;h-i }E,
" a simultaneous fuel éaving of up to 100 liters through a prelimiﬁgrytgédel-f': B
‘ eration to a speed of 21001km/ﬁr and then followed by déceleratiﬁn'§ffthe
 aircraft during climb. | | | |
Maximum range and flight duration of thé MiG=-21F-13 alrcraft is
attained at an altitude of 11,000m at a_cruisiﬁg speed of flight, In
table 5 are given data con#erning the fl;ght édnditions.fot maximum range
and flight duration. ’: | |

O _ Cends
) - , : S-E-C-R-E-T
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" Table 5

MIG-21F-13 AIRCRAFT

O

50X1-HUM

Practical Range and Flight Duration of the Aircraft at an Altitude of 11,000m

with Reserve Fuel Equal to 7% of the Basic Amount

(At specific weight of fuel=0.83 g/cm3)

a) With rockets K-13

7370 kg

Initial gross weight of aircraft
Total fuel supply 2080 kg
Supply of fuel for horizontal flight - 1330 kg
Flight Speed of flight |Rev of low km-consump | Hourly Range Flight duration
“condition : km/hr pressure en- | of fuel fuel km " (hrs-min)
Instr True | gine rotor _kg/km consump | Hor Pract | Hor Pract
in % kg/hr '

1 2 3 4 5 6 7 8 9 10
Max range 520 925 91 1.12 1040 1190 1400 11-17 . 1-37
Max flight : - ) ) :

duration 440 795 89 1.20 955 1110 1320 {1-23 - 1-43
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= b) Without rockets (with pylons AHY)
. Initial gross weight - 7215 kg’
Total fuel supply - 2080 kg
Supply of fuel for horizontal flight - 1410 kg
Flight Speed of flight | Rev of low km-consump | Hourly -~ Range Flight duration
condition km/hr pressure en- ~of fuel fuel km (hrs-min)
" | Instr True | gine rotor kg/km consump |Hor Pract | Hor Pract
- e e . An% _kg/hr | —
1 2 3 4 5 6 7 8 9 10 ]
- 7]
m - i
by Max range 520 - 925 87 1.01 937 1400 1580 | 1-31 1-49 &
0 — 3
-] Max flight \
gq ' duration 440 795 85 1.10 885 1280 1460 | 1-36 1-54 E
I : ) -
=3 . .
¢) With K-13 and suspension tank, ejectable after consumption
Gross flight weight . - 7840 kg
Total fuel supply - 2480 kg
Fuel supply for horizontal flight - 1680 kg
1 2 . 3 4 5 6 7 8 9 10
Max range 520 925 92 . 117 1080 {1440 1670 | 1-34 1-56
Max flight |-
duration 440 | 795 90 1.26 1000 | 1840 1570 | 1-41 ~{"'2-03 ]
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Table 5a . -
Practical Range and Duration of Aircraft at an Altitude ]
= of 10,000m with S5M or S5K Missiles with 7% Fuel Remaining
(At a specific weight of fuel gamma = 0.83 gm/cm3)
Flight Speed of flight | Rev of low km-consump | Hourly Range Flight duration
condition km/hr pressure en- of fuel fuel km (hrs-min)
Instr True gine rotor - kg/km consump | Hor Pract | Hor Pract
: in % I kg/hr )
_ 1 2 3 4 5 6 7 8 9 . 10
o a) With two non-controllable reaction missiles $-5M or S-5K ]
Initial gross weight - 7417 kg - v
Total fuel supply - 2080 kg ,_!q
Fuel supply for horizontal flight - 1397 kg ) (‘3
1 2 e 4 5 6 7 8 9 10 =
Max range 550 910 88.8 1.20 1090 1160 1320 1-17 1-35 %
~3
Max flight
duration 440 745 88.4 1.42 1060 985 | 1155 [1-19 1-37
b) With two non-controllable react.'ion miﬁsiles S-5M or S-5K and suspension ‘tank
Initial gross weight - 7877 kg
Total fuel supply - 2480 kg
‘Fuel supply for horizontal flight - 1722 kg
1 2 3 4 5 6 7 8 9 10
Max range 550 910 90 1.32 - 1200 1300 1490 ]1-26 1-46
Max flight . A
duration 440 745 89.2 1.53 1140 1130 1320 |1-30 1-50 L

- 50X1
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In calculating the range and flight duration of the aircraft the
following factors were considered:

-a) Fuel consumptionfduring the operation of engine on the ground
(starting and testing of engines and taxiing) for a period of
7 min = 60 kg ; : : :

‘b) Fuel consumption,ldistance and time for takeoff and climb and
during gliding in, conformity with tables 6, 7, and 8 :

c¢) Fuel consumption\@hen flying in circle befoferlanding for a
period of 4 min = 80 kg '

d) Non-consumed suppiy of fuel = 30 kg

e) 7% of fuel supplyﬁof the basic supply at a specific weight
gamma = 0.83 g/cm’ = 145 kg,

- In the table is glveni the value of'rangé and flight durationlwithout X
launching K-13 rockets during flight. With cqnsideratipﬁ of the launching
of K-13 rockets during theihorizontal flight the rénge aﬁd duration of the
horizontal section increaséd.by 5%. .

Fuel consumption, timé, and distance during takeoff and climb are
‘ )

'<ji> taken at maximum operatinglcondition of the ehgine.

12

=12~

<j“§' | . S-E-C-R-E-T
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Table 6
- : .
w Fuel Consumption, Time, and Distance for Takeoff and Climb at
Maximum Condition of Engine of MiG-21F-13 Aircraft
Flight " Without K-13 Rockets With K-13 rockets With K-13 rockets
Altitude (With Pylons) V = 930 km/hr and susp tank
in V = 930 km/hr : V = 930 km/hr
Meters
Fuel Time | Distance Fuel Time | Distance Fuel Time | Distance
consump | min km consump | min " km consump | min km
kg kg kg
1 2 3 4 5 6 Y O : 9 10 .
-\\\\,\ 1,000 70 1.3 85 1.5 5 - 105 2.0 10
5,000 165 3.1 30 195 3.4 35 220 4.3 45
8,000~ 225 | 4.1 50 260 | 5.0 60 305 | 6.5 75
. 10,000 \26_5\ 5.4 65 325 7.3 ‘90 380 8.4 110
— 11,000 285 6.2 85 360 8.6 - 110 415 10.0 130
.\\\
— N
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Table 7
Fuel Consumption, Time, and Distance
during Gliding of MiG-21F-13 Aircraft
(For all variants of external suspensionsJ including suspension tank)
Flight altitude | Fuel consumption | Time | Distance
: m kg min km
; 5,000 20 3.0 L
E 8,000 40 5.0
| 10,000 60 7.0
‘ 11,000 75 8.0} 100 L
17,500 120 3.04 165 . & . _
19,000 135 14.0| 180 i
Remarks: 1 Gliding from all altitudes is done at Vins = 500- 550 km/hr
2 Engine control lever on small gas
3 " Brake panels in the retracted position
Table 8
Fuel Consumption, Time, and Distance during Takeoff and
Climb at Maximum Operation of the MiG-21F-13 Aircraft
. (:ﬂ\ Flight With S-5M or S-5K missiles|| With suspension tank and
LS Altitude ! and without suspension tank §-5M or S-3K missiles
’ . - in = 900 km/hr V = 830 km/hr
| Meters Fuel | Time | Distance Fuel Time | Distance
‘ cons min km cons min km
kg kg
1,000 85_| 1.35 10 90 1.5 10
5,000 180 | 3.0 35 210 3.7 40
10,000 320 7.0 90 390 9.3 115
14
C‘i‘ ~14- |
= S=E-C-R-E-T o -
~-50X1-HUM
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3 Takeoff and Landing Characteristics of the Aircraft ' B L

- For the MiG-ZlF-fB aircraft without suspension tank the speed of
breaking from the ground with deflected flaps equals 315 to 320 km/hr
(under standard atmospheric conditions in the absence of wind).at an
angle of attack at takeoff-of 9 to 10°.

To assure this speed of break away of the aircraft the beginning‘

of lifting the nose wheel should be realized at a speed of not more’ than el
7 e

210 to 220 km/hr. The time of climb at the takeeff angle of attack with

’

afterburning should be 3 to 4 seconds, and at maximum power should be 5

~ to 6 seconds.

7

When the nose wheel is lifted off at higﬁer‘speed or dufing slow
attainment-of the takeoff angle of attack tbe speed of separation of the J
MiG-21F-13 aircraft increases. , |

At normal rate of separation, V = 315 to 330 km/hr,jthe length.of.'
the takeoff run of the aircraft is: L takéoff run = 1}50/%0 1300m at
meximum'power; L takeoff run = 850 to 900 with afterburning.

ﬁith suspended tank and a rate of sepafation V= 330 to 340 km/hr,
the iength of the takeoff run is:. L takeoff run = 1250 to 1350m at

maximum power; L takeoff run = 900 to 1000m with afterburning. ' /

e

In figure 11 is given an approximate dependence of the takeoff speed

and length of takeoff run upon the angle of attack during takeoff. ;
. /

In table 9 are given approximate fuel consumptions and times necessary

'

for takeoff and for acceleration of the aircraft from the moment of lift; 

/
0
¥

- off to the beginning of climb., - - ' ' 5 v.f

~ The length of the landing run after touching ground depende upon;khe

landing speed of the aircraft, timely application of the brakes of all
15 : B ‘ - o /

. . - 15" ’ b
C ) : S_E-C-R-E=-T : 4
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three wheels, and upon the state of the surface of the ianding strip, as
) well as upon timely deployment of the brake parachute. |
Table 9
Engine Operation . Afterburningv Maximum .
. Time of takeoff run (sec) , 17 25
Fuel consumption on takeoff run (hg) | 55 26
Time of acceleration up to V climb =
1000 km/hr (sec) 32 50
Fuel consumption dutiné acceleration
to V climb = 1000 km/hr (kg) 110 . 60
Data concerning~the_length‘of landing run is given for a dry runway
strip. The landing speed ot MiG—élF-lS aircraft is equal tov260 to 270
(:;} : » km/hr at an angle of attack of 9 to 10°. |
. The length of the landing run of the MiG-21F-13 aircraft without brake
parachute, but with brakihg of all three wheels, equals 1200 to 1360 m.
A reduction in landing run is attained to a large exteht b& applying_
the brake parachute,
With released brake‘parachute the length of the landing run of the
' MiG-21F-13 aircraft is reduced to 900 m. We must remember that, even when
releasing the parachute at the moment the aireraft touches ground, the time
between releasing the parachute and its inflation is 2 to 2.5 sec during
which time the aircraft covers a distance on the ground of 150 to 200 m
>actually without the braking effect of the parachute
16
CL - S . s-E-cjl%-E-T I
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The landing characteristics are listed in the following table: ]
Without brake =~ With brake ‘
parachute / parachute
Landing weight (kg) » 5480 . 5480 ;
| Angle of flap deflection 24.5° . 2.5° ' /1
: Landing speedi(at alpha'-= . o : vf/
9 to 10°) (km/hr) 260 to 270 . 260 to 270 / N
Length of landing run (on ’
dry runway) (m) 1200 to 1300 900
Length of landing distance
(from an altitude H = 25m) : : /
(m) ‘ 2300 to 2400 1600 ’
In figure 12 are givén approximate dependence of the landing speed ;f
and.length of landing run upon the angle of attack of the aircrafﬁ during
landing. 7 o ‘ ‘
<:%\‘ L Takeoff and landing distances are shown in figure 13 and 14.
Stability and Controllability
In this chapter are given the basic characteristics for longitudinal
‘ ' /
! ) and lateral stability and coﬁtrollability of the MiG-21F-13 aircgéft,
derived from fiight tests. 1
The basic criterion of longitudinal stability of the alrcraft appears
. ] ‘ ' :
to be the degree of longitudfnal static stability in accordance with over=-
load. On the MiG-21F-13 airéraft the centering was selected in such a
; way that under subsonic speed conditions the amount of longitudinal static
I . .
stability appears to be optimum for light fighters. It constitutes on an
, a
t average 3 to 5% MAC. The change in neutral centering of the aircraft by
17
|
|
i
| ﬁ . i -17- o
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the Mach numher of flight, as given in figure 15, shows an increase in
the amount of stability when changing over to scpersonic speeds. “When
the engine is cut off the amount of longitudinal stability rises hffl to
2% MAC. When launching K-13 rockets the stability is practically un-
changed. .
Longitudinal-controliability of the aircraft is determined by the
_following parameters, felt directly by the pilot during flight, - overload
of the aircraft, shifting of control stick, and by the forces affecting
it. In figure 16 is given the required angle of deflection C\P"’D of the
Vstabilizer for alg overlcad versus the Mach number of fiight for several
-flight altitudes. The relation of the angle of deflection of the stabili-
zer to the fnagnitude of overload, lf; _p (Pu) , for all Mach numbers of |
flight in the case of the MiG-21F-13 aircraft is linear, which appears to
(::> be a positive quality of the aircraft.- An automatic mechanism for changing
i the gear ratio between the control-stick and the stabilizer (ARU-ZV) is
installed in the longitudinal controi'system to provide good contrqi charf 3" - .
acteristics - magnitude of stick movement (X“) and stick force (RF) required
to produce a 1 gloﬁerloéd. |
_in figure.13 are gi;en dependence df xnu upon.the Mach number"and
flight altitude, cbtained during flight'test; Mathematicailv the chara%;u,ff
AWqu”ﬂX*/ngﬁﬂ

teristlcs xnu’ and P™ are determined by’ formulas A)ﬂ“‘.-: n S S

A .
. A 7. P l.e, n..’u..(
. : where: )(@ = the gear ratio between the movement ‘of the handle. and the :

.deflection of stabilizer, PX = gradient of. change ih forces on the control

handle by its_movement.‘,” R 7 S . ’ T U

18
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The_values)(j9 and P*, which appear to be the characteristics of ST
y

the ARU-ZV mechanism mounted on the aircraft do change -in relation to the X
speéd and flight altitude as shown in figures 18 and 19. j ‘

The balancing curves - dependence of the qnglés of stabilizef deflec- i
tion, movement of control handle, forces on the handle in recti?linear

flight (for a 1 g overload) upon the M nr of flight is given in figures 20;,

21, and 22. |
i

Balancing curves hawe a smooth character of change in accordance with
the flight speed. In thé]range of near-sonic speeds there is a small in-

I : .
stability with respect to speed, which does not deteriorate the technique

6f'airc:aft piloting. Th# balance of the MiG-21F-13 aircraft is such that

the trimmer mechanism produces the effect of'zefd stick force when the stick

is in the neutral positién at flight speeds V ins = 750 km/hr under climbing

conditions aftef takeoff |at altitudes ranging from 0 to 3000 m. |
Tﬁe nature of changls in the forces against the control ﬁandle during

a change in fiight velocity depends considerably upon the magnitudevof'

stabilizer ”manipulation7" "Manipulation" refers to thé change iﬁ thé_angle.'

of deflection of the étagilizer when shifting the>rod of the operational

mechanism of the - ARU-ZU ?pparatué on the control ﬁandle and when the mechan;

ism ARU ié switched over|from the larger to the smaller arﬁ..

By changing the magéitude of stabilizer '"manipulation" it is possible ' ;
to balance the control forces by the air flow, attaining théreat a reduction.'
in instability with resplct to épeed to a minimum. |

In the chapter deal?ng in leveling and balancing of the aircréft is ."
thoroughly discussed ﬁﬁe method of changing the balancing on aééount of

stabilizer "manipulation,"

19
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The fliéht with O forces against the‘control handle is achieved by
installing in the control system a trimmer effect mechanism, the opera-
tional range of which offers the possibility of such flight at practicallyv
all speeds and altitudes. -, ‘

The extension of lancing gears; wing flaps brake flaps, change in
operating conditions of engine, and the mounting of a suspension fuel tank

have practically no effect on the change in stability and controllability

- characteristics.

The basic characteristic of lateral stability appears to be the degree
of directional stability.. On supersonic aircraft the degree of directional’
stability decreases, beginning with . a Mach number and at subsonic flight-
velocities corresponds to the standard requirenent;and»in the range of Mach
number = 1.2 to 1.6, it rises. When flying with suspended fuel tank the
degree of directional stability corresponds to the standard requirement
at Mach 1.6. | -

The characteristic of lateral control is determined by the magnitude

of angular banking speed(&V§‘“5> produced by one degree deflection of

.allerons, and by the magnitude of forces acting against the control handle

(R, wx) during the creation of an angular banking speed of 3l rad/sec as

shown in figures 23, 24 -and 25
And 50 on the MiG 21F- 13 aircraft the system of- irreversible booster o .

control of ailerons has a charging mechanism, and the value szX,can be

determined:h?/:;ua_
r". [--]
The characteristic of the charging mechanism R, Xr 18 pon- linear, also

non-linear is the gear ratio from the handle’ to the allerons Xrez (see

20
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figure 26). The non-linear connections between the movement of the handle -

and the deflection of the |ailerons on the aircraft are for the purpose of

reducing the extreme effedtiveness of ailerons, at greater.instrument‘speeds

T
(in a small range of aileron deflection angles).

Maneuverability

|
|

Maximum overloads of.the alrcraft (in the plane of symmetry) are

determined in the range of subsonic Mach numbers.

|
Maximum 1ift is produced by the aircraft at angles of attack smaller

than critical, and at supersonic speeds--with sufficient longitudinal

stability and stabilizer effectiveness. In the range of Mach numbers from
l

. minimum to Mach 1.3 or 1.4} when, during overload conditions, the aircraft

approaches a discontinuous{angle of attack, there is felt a narning vibras
tion in the aircraft. In Figure 27‘is shown a change in maximum-oriented
overloads of the aircraft dn the plane of its symmetry by the Hach number
for a number of altitudes.l |

Maximum negative overloads are limited by-the conditionrof continuous
feeding of fuel into the engine. The fuel feeding system is intended for
a 15 sec delivery for the engine under negative load conditions.

One of the important features, characterizing the maneuverability of
the aircraft, is the ability of the aircraft to rapidly change the speed

of flight. The characteristics of aircraft acceleration at various alti-

tudes, time of acceleration, fuel consumption and length of path during . S

‘accelerations are given in figures 28, 29, 30, and 31, - ‘ !

1

Braking characteristiﬂs of the aircraft with cutoff engine are shown x b
in figures 32 and 33 In figure 34 is given the change in maximum overload
i
21 '
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~of the aircraft, originating durv_ing the release of brake flaps versus Mach "
number of flight. ' ‘
On the Mi.G =21F-13 aircraft it is quite simple with small deflections
" of control surfaces to- execute -an acrobatic figure, whereby all control
surfaces retain their effectiveness ‘at any evolution of the aircraft The
nature of spins isvs:hown in ,figures .35, 36, and 37. ‘
R
By
R o (t .
22 " o
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~ . 50X1-HUM,

ay

Declaseified in Parf - S4aniti‘z'ed Copy'App'r'oVed for Release 2014/02/06 - C»IA-RDPA80T00246A030200200‘001-3 ’



- : s ‘ i
Declassifi('-:-d in Part - Sanitized Copy Approved for Release 2014/02/06 : CIA-RDP80T00246A030200200001-3
| ~ S-E-C-R-E-T -

= _, | | . H ~ 50X1-HUM

- 50X1

Chapter 3

WEIGHT AND CENTERING CHARACTERISTICS

i OF THE AIRCRAFT

In the chapter concefning weight and centering characteristics are
given weight and centering characterisﬁics of the MiG-21F-13 aircraft
with K-13 rockets--a varignt with normal loadj with K-13 rockets and'sus-.
pended fuel tank, with non-controllable missiles S-5M or S-5K, mounted
instead 6f K;13 fockets,‘}ith non-controllable S—Sﬁvor §-5K missiles and
with suspended fuel tank.

- A calculation of the aircraft's centering is done in coordinate axes
"X" and "™Y", Axis "X" apPears to be the longitudinal axis of the aircraft
and is situated in the pl%ne of structural horizontal. The axis‘"Y" is
(::) | 5 perpendicular to axis "X"}and passes in vertical plane, situﬁted at 600 mm
- toward the tail of the ai;crafc from bulkhead hr 16. The intersection of
axes "X" and '"Y" is the s;arting point for tﬁe reading of CG coordinates
of the aircraft and its c§mponents.

"The céordinates of the unitg, arranged.in the direction of the air-
craft's tail along the aiis "X" and upwards along the axis '"Y" have the plus
sign, and toward the nose!of the aircraft and below they have the mihus sign.

The weight characteristics with respect to centefing relative to the
centering of axes "X" and "Y"bof the aircraft At take;ff with normdal load,
and with normal load plus suspended fueltank and non-controllable missiles
§-5M or S§-5K arevgiven in table 10. |

The centering of the aircraft is giQen in %ZMAC Qf.the wing relative ‘

to the point where the MAC (average aerodynamic shord of the wing) fhtersects

23 : N B
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the wing leading edge. The X" coordinates of the CG of the airéfafﬁ;in- _'.
~direction of axes "X" in 7MAC are determined in the following manner: _
r w9 e r ‘ : )
i,\ = ._.....,.’_Lv_.. oy rze | Sy
where: alpha X = 1.302 m = distance from the intérsection point of the
.wing leading edge and the MAC to the centering axes "Y" (see dig- -
position of MAC on figure 38) :

X = distance of CG of the aircraft from the origin of the coordi-.
nates, which are taken with their own sign. .

bA = 4,002 m = average aerodynamic wing chord (MAC).
Welght and centering characteristics of the alrcraft with normal»load.-‘
- and with K-13 rockets plus suspended fuel tank are given in table. 11: with'
non-controlleble missiles $-5M or S-5K and with non-controllable missiles |
$-5M or $-5K plus sespended fuel tank are given in table 12,
Centering of the aircraft in flight changes depending upon the consump-
tion of fuel from the tanks and upon the operating conditions of the engine.’
<::>‘ - | Consumption of fuel from the tanks during non-afterburning engine .
R operation takes place in the following order:
1. From tanks 1, 2, 3, 4, 5, 6 until a special float»valve'opeee the
connection to the suspended tank. |
| 2, From rear section of suspended tank.
3.‘ From forward section of suspended tank.
4, From rear wing tanks,
5. From forward W£eg tanks.,
6. From first group ‘of tanks.
7. From third gﬂoup of tanks,
8. From second group of tanks,
Small changes iq aircrafe centering during fligbt, depending on fuel

i . ; |
: consumption, occur when operating the engine with afterburner. The order i

s : 24
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of consﬁming the fuel in flight with afterburning operation of the engine
differs from that during non-afterburning operation}by combined consumption |
of fuel from wing tanks and paftial consumption from fuselage tanks.

The change in aircraft centering during flighi inrthe variant with nor-' 
mal load due to fuel consumption for afterburning are given in figure 39.

The change in aircraft centering in flight for the variant with K-13
rocketé‘and with suspended fuel tank due to the consumption of fuel for
afterbufning'isgiven in figure 40.

The change in aircraft centering in flight with non-controllable
missiles S-5M or S-5K due to fuel‘cohsumption for afterburning is given in
figure 41,

The changélin aircraft éentering in flight with non-controllable
missiles S-5M or $-5K and suspended fuel tank’dué to fuel consumption for
<::> afterburning is given in figure 42.

- A change in aircraft centéring as a result of a change.in weight or
as a result of any other change or modification is permitted within limite
of plus or minus 0.5%MAC of the maximum forward and maximum rear'balaﬁcing'

limits mentioned in tables and shown in figures.

25
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Table 10 | S e |

- ' WELGHT AND CENTERING DATA ON THE
: MIG-21F-13 AIRCRAFT

-
Alrcraft with noﬁal load at ' ) j :
. takeoff (landing gear out) : 47 0.006. 7370 0.053 390
Empty aircraft L 1020 0.205 4980 -0.021 104
Normal load - _ 973 -0.407 2390 0.207 . 4%
Normal -load . / -973 . -0,407 2390 v 0.207 494
Pilot with parachute / 'l -319  -3.19 100 0.39 39
Rockets, K-13 (2 units%lsrl 25  0.165 154 -0.52  -80
Rounds; NR-30 (60 unité) 100 '-1.80 56 0 0
 Fuel in Tank One / S 482  -2.41 200  0.38 76
(::) Fuel in Tamk ™o 298  -1.33 600 0.35 210
7 Fuel in Tank Three | 1 022 232 019 4
Fuel in Tank Four 90  0.52 174 0.3 59
Fuel in Tank Five | 232 116 200 040 807
Fuel in Tank Six - ’ 384 1.92 égo - 0.40 _ﬂ’sov . _
Fuel in Rear wing tanks =~ 205 1.18 \/174 -0.03 /,’/‘;5‘ ' \\ * o
Fuel in forward wing tanks -159 '-0.5?//_i300 | -0.03° - -9
Retraction of lgnding gear' _ : -196 —;_/ - -'.-"1 | 278 .
: e ’ T
’ /

26 _ ' o
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Name Rx X R X RY
kg.m - m kg m kg.m
Installation of suspension .
fuel tank V = 500 liters -~ .-132 -0.28 470 -0.96 ~ -452 -
Suspension tank | . S, =7 -0.146 46 -0.98 ’-45/’ e
Beam of suspension tank. .. =11 -0.485 24 -0.65 =15
Fuel in suspension tank : ‘ . : : .
V = 490 liters : -114  -0.285 400 -0.98 =392
Mounting of non-controllable ' ' B
missiles S$-5M - 61 0.22 277 -0.46 -127
Beams : 17 0.39 43  -0.23 -10
Missiles S<5M (32 units) 20 0.158 124  -0.504 -62
Pods ) : 24 0.22 ~ 110 -0.504 -55
(:;D‘ _ Remarks: 1. Weight and centering with non-controllable missiles S$-5M
o are no different than with non-controllable missiles §-53K.
2. When mounting non-controllable missiles S-5M iﬁstead‘of
K-13 rockets the rocket installation is removed from the
aircraft, - . ' '
Mounting of K<13 rockets 46 0.19 237 -0.45  -106-
Beams . o 17 0.39 42 -0.23 " -10
Starting device, APU-13u 4 0.107 41 -0.40  -16
Rockets, K-13 (2 units) . 25 0.165 154 =0.525 =80
H
27 : . B 3 N
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Table 11 ‘
TABLE OF CENTERING VARIANTS OF THE
) * MIG-21F~13 AIRCRAFT WITH K-13 ROCKETS
Loading Conditioos Acft  Acft Acft Acft ~ Acft Acft
with with with with w/o with
! normal 50% max max = fuel ext -
load ~fuel, fwd aft and fuel
: w/o c.g. //c.g. ammo  tank,
ammo V=300 . T~
Aiters L e~
Weight of aircraft kg 7370 6120 7046 6086 5080 7840 .
c.g. location_(gear.down 7%MAC 32,7 36.0 32,1 36.3 36.1 32.3
on X axis (gear up %WMAC 32.1 35.2 31.4 35.5 35.1 31.7
Empty aircraft weight kg 4980 4980 4980 4980 4980 4980
Useful load kg ’ 2390 1140 2066 1106 - 100 2860 .
Pilot with chute kg 100 100 / 100 100 100 100 -
K-13 Rockets kg ‘ f 154 154 - - 154 .
Ammo (NR-30) kg ; 56 ‘ S - ; 56 1
Total fuel weight* kg b 2080 1040’ 1756 - 1006 - 2480 .
Tank #1 (V=241 1) kg 2000 16 180 - - 200,
Tank #2 (V=720 1) kg | 600 308 560 290 - 600/
" Tank #3 (V=277 1) kg i 232 192 - 192 192 - . 232
Tank #4 (V=208 1) kg . 174 159 159 159 _ = 174
’ Tank #5 (V=241 1) kg i, 200 183 183 183/ - - ) 200 :
, Tank #6 (V=241 1) kg " 200 182 182 182 - © 200
. ' Fwd wing tanks (V=360 1) kg 300 - 300 - - - 300
Aft wing tanks (V=210 1) kg 174 - - - - 174 -
: External tank (V=490 1) kg C - - - - - 400 i
y Wt of external tank instal}a- , o
v tion without.fuel kg ﬁ - - .- - - 70° /
, ‘/
“*Specific weight of fuel T'X = .83 gm/cm throughout, ;ﬁ
| | :
. ) /
! . | | -
| . v
i
1
| ./é[;
.l/-
.»}“‘ -
! /
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Table 12

TABLE OF CENTERING VARIANTS OF THE

MIG-21F~13 AIRCRAFT WITH S-5M MISSILES

Acft

124 .

Loading Conditions Acft Acft Keft Acft  Acft
‘ with with with with w/o with
normal 50% max max fuel -ext
load  fuel, fwd aft and fuel
w/o c.g. c.g. ammo tank,
ammo : V=500 -
liters
Weight of aircraft kg 7410 6190 7086 6156 5150 7880
c.g. location_(gear down 7ZMAC 32.8 36.1 32,2 36.4 36.2  32.4
on X axis  (gear up ZMAC ©32.2  35.3 31.5 35.6 '35.2 31.8
Empty aircraft weight kg 5050 5050 5050 5050 SOSOpa\SOSO o
Useful load kg 2360 1140 2036 1106 1007-'2830 -
Pilot with chute kg 100 100 100 100 100 100. -
S-5M missiles kg 124 ~ 124 - - _
Ammo (NR-30) kg ~ 56 - 56 - - " 56
Total fuel weight* kg 2080 1040 1756 1006 - 2480
Tank #1 (V=241 1) kg 200 16 180 - - 200
Tank #2 (V=720 1) kg 600 308 560 290 600
. Tank #3 (V=277 1) kg 232 192 192 192 232
Tank #4 (V=208 1) kg 174 159 159 159 - 174
Tank #5 (V=241 1) kg 200 183 183 183 - 200
Tank #6 (V=241 1) kg 200 182 182 182 - 200
Fwd wing tanks (V=360 1) kg 300 - 300 - - 300
Aft wing tanks (V=210 1) kg 174 - - - - ;174
External tank (V=490 1) kg - - - - - 400
Wt of external tank installa~- o
tion without fuel kg - - - - - 70

*Specific weight of fuellfﬁ = .83 gm/cm?® throughout.
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Chapter 4

ADDITIONAL DATA ON FLIGHT CHARACTERISTICS

I. 'Method of determining flight speed and altitude

On board the aircraft are installed instruments for determining speed ‘

/

/
of flight relative to the air flow and barometric altitude of flight. For

this purpose an air pressure receiver, DUAS-8M,. is mounted in the nose secff
. : . /i
tion of the aircraft fuselage. ‘ i o

/
The location of the receiver on board the aircraft has been-selectea_

with consideration that distortions in velocity and flight altitude indi-

cations on the cockpit.instruments should be at a wminimum.

Flight altitude is determined by instrument indications with intro-

/
i

duction into same of instrumental and aerodynamic corrections.

e

: 50X1-HUM

- 50X1.

The geometric altitude, i.e., flight altitude over the surface of the ..

earth is determined as follows: Hg = H + delta H, where: H = baro-
meﬁric aititude and delta H, = local altitude variation over or gnder o
relative to sea level. .Delta H, takes‘into consideracidnba correction

for barometric altitude in connection with the difference in actual atmos-
bhefic pressure on the grougd and staﬁdardepressure of 760 mm of mercury.

For example, at an actual pressure on the ground of 740 mm Hg, the

magnitude of the correction delta H; determined by a table of atmosphefic_

standards equals +220m, and at a pressure of 780mm Hg the correction
delta H, 18 -220m,
The magnitude of barometric altitude H is determined by formula:

Hpp +A H instr +AHa +A Hp +A Hzap ~ where: Hpr = actual

30
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. the absence 'of special recorders, the value of the corre('ctiqn for lagéing'

S-E-C-R-E-T

| ' ]

altitude in accordance with instruments indication in the cockpit;[}!linstr
= instruﬁental'correction to altitude indieator obtained after callibration
of instrument; 2\ Hy = aerodynamic correction to the altitude indicator.
(altimeter);zf§ Hp = altitude correction to altimetet.

The total of aerodynamic and wave corrections (A I-Ia +A Hg) depending

upon the number M ind and the flight altitude are given in figure 43. i

. l
|
Remarks:

In figure 43 along the axis of the abscissa, M ind number is taken
with the introduction of an {imstrumental correction AM instr, which is

obtained during the calibration of the M nr indicator.

Z& Hlag = correction for the lag in altimeter indicatioens. - {,

i

The magnitude of correction for the lag in altimeter indication depende

upon the rate of flight alt{tude change and upon the volume and length of
wiring of the system for flight altitude measurements, FVD,

In the presence on the aircraft of board instruments only, i.e., in

is small.

The true rate of flight \' (relative to the flow of air) is determined
Vi

b
by V=— where. Vi = indicated speed, i.e., the speed.which would be
A . L _ ' : .

indicated by the speed indicator, if it would not-ﬁave any errors in the -
instrument and would be situated at an a'ltitudel_vo-f H=0, i.e., under con-

ditions for which it has been calibrated

A ;.;.L = relative air density.

A

The magnitude of indicated speed Vi is determined by formula:
Vi = Vpr +{ V instr 4-¢§‘va +$ vb +d/ Veom +<§ vlag ~where: Vo, =

31
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instrumental speed (according to the wide arrow); A’V instr w2 instrumental

correction to speed indicaéor, obtainable during the calibration of instru-
ment;éva = agerodynamic correction of speed indicator, taking iyto consid-
eration the distortion of static pressure at the poiot.of installation of
the alr pressure indicator dgvb = wave correction, taking into considera-
tion the distortion of static pressure at the point of installation of the
air pressure receiver, due to the effect of density jumps; the total of
aerodynamie and wave corrections (d’Va +(be) oepending upon.MacH,number
and flight altitude is given in figure 44;<5V13g = correction for the lag

of the speed indicator in time, practically equals 0; Afvcom = correction

for the difference in compressibility of air at given altitude and on zero

altitude (for which instrument calibration was made).

The dependence of the correctioncf Veom upon air compressibility upon

the {ndicated speed, Vy = Ver +{Vq +J’Vb, is given in figure 73,

where: V = Vpr 4 V instr

Preor

We want to peint out ﬁhat the correction (;V instr is always,negative.A

This leads to the fact thaé the speed iodicetor will always indicate a
somewhat delayed speed. This explains the frequent misunderstandings when
the pilot is convinced that he attained in flight a greater speed than in
One of the highly important parameters characterizing the speed of
indicating the ratio of true flight speed to

v

the speed of sound, l.e., M= 1
\ a

flight is the Mach number,

' - v : ) .
The value M = Py ='1.? appears to be the boundary of the zone of sub-
sonic speeds (M smaller than 1.0) and sdpersonic velocities (at M greater

than 1.0).
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The true Mach number of flight s determined by formula: -
M= Z. =M, +0r’Minstr + éMa +0’Mb +(§M1ag ‘ where: Mj. = Mach'rumber
by instrument in the cockpir;dg'Miﬂstr - 1nstrumentai correctidn to Mach = . o s ef
number indicator,C{“M = aerodynamic correction to Mach number indicator"; - - .
,f Mp = wave correction to Mach number indicator.A‘ ’ “
The dependenée of ({gna +€§Mb) upon the number-Mi)r (with eensideration .
of instrumental correcrions) qf'fiight 1snsﬁq§n-1n'iigure 45, B
It is evident from this figure that for Mach numbers.greater than
Mpr = 1.08 the air preswre receiver has no’ a_e‘ro'dyna‘mic or wave correction,
i.e., for flight Mach‘nuébers of ﬁore-rheﬁ:Mﬁr = 1.08 the speed indicators;
Indicators of Mach number and flight elt;tude give indications without dis-
tortions.
é.Mlag = correction for 1eg to Mach number indicator.
Anelogous to the correction 6.H1ag the correction My, 1s also smell.
- .' In addition it is also possible to employ the following ratio of
- connections between the Mach number and the speed of flight: V = 72. ZM][’~
where T = absolute temperature Qf outer air. T = 273° + t° where t° is
the temperature in degrees Centigrade.
For practical util1zation when changing instrumental speed into true'
speed and into Mach number of flight.or when.changing from true speed or
Mach number of flight into-ihstrumental speed are given graphsrvpr = £(M;H) ;.
and Vpr = f(V;H)‘invfigure 7e’and 75. On theee graphs of Vpr values should v

be taken with the introduction of an instrumental correction(d’vinstr.

2 Bringing the Static Ceiling to Standard Conditions
The ceiling of the aircraft depends to a 1arge extent upon the tempera-

ture of the outside air,. because the thrust of the engine decreases with

33
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increase in temperature éf outside air and increases during its reduction. °
This leads to the f;ct that the static ceiling will depend upon the
temperature of the outsi?e air, and the higher the temperature the lower
will be the static ceili%g.
Evaluation of the oétained ceiling during afterburning operation of
the engine aﬁd its conformity to the ceiling under standard conditions is .-
givén in figure 46, where the dependence §f the static ceiling.vélue is
shown in the relationship to the actual temperature of the outside air.

Thé static ceiling Yalue is also affected by the flight weight of the -

aircraft, therefore whenievaluatiqg the obtained ceiling at given‘actual.
temperature of the air i%_is necessary to»bring in a cofrection for the
- weight., | i .
If the flight weighL‘of the aircraft of the aircraft atvthe cei1ing '
<:;> . ' differs from normal weig?t, then for each 160 kg the actual weight exceeds;
'the normal one the value]of the obtained altitude would be decreased by :
100m, and for each 100 kg of reduction inimtgal‘weighﬁ, the ABtginéd a;ti;:‘ 
tude woﬁld be increased %y 100m. : o
.Taking into consideLation thé production deviétions in thélrole of
aircraft manufacturing apd a tolerance for engine thfust, a static ceiling
‘ tolerance has been estab&ished which reduces the static ceiling by 2% of

the standard., In figure| 46 the lower boundary of static ceiling is shown

in relation to the actual outer temperature of air. ' - ¢

34
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Chapter 5

LEVELING AND BALANCING OF THE AIRCRAFT

1 Ground Leveling and Balancing

Technical control over the position of outer contours of the aircraftv
and over ¢imensions of control systems is reali;ed with the #id of a
leveling arrangement.

When making flight téstsoand during flight'operatioﬁs séme.control
dimensions can be changed. All these changéS'should be rgflecred in the
leveling system, As has been established by many years of practice, a part '
of the leveling can be done during_the process of flight operations,‘but
only on certain selected aircraft, Conéequently the leveling system is
divided into two parts: a basic leveling éystem for each aircraft and an

‘ addition to it for selective aircraft.
<:;> | Measurement by the leveling system should be carried out in accordance
to methodical instructions (see Appendix 1 to Chapter 5).
Measuremenrs by the leveling system and bythevaddition to the leveiing
~system are rlso carried out in the event repairs were made on the aircraft -
or when,‘in Ehe‘proceéSnof flying, any kind of aﬁnormalities in the bqhavfor'
of the aircraft arg‘dééected (e.g., unﬁsual, above normal turrs, bénké; etc.),

Given below are'méthodical instrucridns on the ronduct of grouﬂd
leveling and balancing of each aircraft in addition to the measurement
carried out with this instrument for selective aircraft (sée Appendix 1 to
‘Chapter 5).

The 1eQeling system of the MiG-21F-13 aircraft is shown in figures 48-61).
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2 Balancing of Aircraft in Flight
i Balancing of the aircraft in flight is realized in accordance with a
program of flight tests in conformity with methodicai instrucﬁions.
Methodical instructions on the balancing of an aircraft in flight are giveﬁf
in'the Appendix 2 to Chapter 5.
!
I
i
l
!
I
i
I
|
|
|
|
i
I
i
|
\
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Appendix 1

METHODICAL INSTRUCTIONSvON LEVELING ANb GROUND BALANCING

General Data

1. The 1eveliﬁg sy;tem,&exéribéd in this bookrand the auxiléry graphs
(Figuresld7—6i) represent a list of comtrol and:assembly dimensions for
.the aircraf;‘aifframé,'

The balancing syétem 15 filled in during thev;ssembly of the aircraft
at the airéraft mé;ufacturiﬁg plant and appears to be thg only dﬁcument
giving the aptual state of the aircraft after assembly and in its further "?'
exploitation.

| Thg céntering system records all changesrin the adjustment of the con-
trol system and observed changes in the process of aircraft operation. _7 ‘  .
The  filled-in form of‘the leveling system is then attached to the cerf,'
(:;)‘ ' tificate of the aircraft. o ) .
h ; | Before flights begin the pilot should acquaint himself with the aétual_
L f;.\ f data concerned with aircraft comtrol recorded in the ieveliqg'sysfem.
: 2. Lleveling of the aircraft and control systems is done for each
aircraft in the‘entire procéss of leveling systems.

3. For‘éelective aircraft afe also carried adﬂicional measurements
using the attachment to—t?e‘leveling system for selective aircraft.

&7 Ih figures 62-7$‘arergiven additional d;ta pertaining to ground
leveling of aircraft. ?ﬂis‘also constitutes a reference material 6n thé.

[.
characteristics of the control systems,

37

C“ . ) . ‘ . - 37- / //
./ S«E-C-R-E-T / | s

- 50X1-HUM_

. ' ,~ . // |
Declassified in Part - Sanitized Copy Approved for Release 2014/02/06 : CIA-RDP80T00246A030200200001-3



Dec:lassmed in Part - Sanitized Copy Approved for Release 2014/02/06 : CIA RDP80T00246A030200200001 -3

’ ' S=E-C-R=-E-T .
O ] | 50X1-HUM

. 50Xt

I. General Leveling of Object

5. Leveling of aircraft is done without fuel, pilot, and special C ;
loads with equipment installed onboard the aircraft. |
6. When leveling, the aircraft is placed on support (horses) at bulk-
heads of the fuselage numbers 2 and 28 (weights to the nose of the fuselage
are not suspended). See figufe 47, | |
The aircraft retains stable position on the supports even during the
application on fhe horizontal empennage of a load of 100 kg. ‘IngédéitiOnl
are placed protective supports over the wing (at a distancé of 2 méfe}g‘froh K
the axis of the aircraft) and under the fuselage along bulkhead number 35.
7. The axis of the main part of the fuselage is placed horiZOntally
over reference points number 1 left and 2 left.
In the lateral respect the alrcraft is placed horizontally over -the
reference points of the wing "8" lower left and "8" lower right (Figure 48);
(:;> . Alléwance for the difference along these points was set up at *0.5 mm.~f
8. All leveling poihts are. plotted in the figures up to.tﬁe point of
general leveling. The points on the wing and horizontal empennage are piotted

. only below and on the fin.only to the left. - _ ‘/’;;//”’“.-
9. After filling in thevcards.with’differences of the type "a-b" and |
"b-aﬁ etc,, the desigﬁations are engravedA;n the surface,
Remarks: |
1. Leveling.poiﬁts<number 3,'6,>22,'and 18m are used'whén'leveling
selective aircraft.
2. Leveliné points 6a, 40, 41, 46, 30, and 27 are used, for unit

leveling.

38
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Wing

- - ' 100 Measuremenﬁs after mounting the wing are carried out.for the.
| right and left panels by three sections.
When determininé the differgnce in excess of the leveling points, it
is necessary to take into cénsideration the local contour déflections from
the chart showing wing contour measurements, i.e., note in the tébles the: .
dimensions with gdaition‘(or subtraction) of local deflections. In the
presence of local deflections along the reference points in the leveling
system we make "remarks,f ~~ "point is higher than the contour" or'"poiﬁt
1s lower than the contoQE."
After filling in the-boxes in the leveling system with respect to
differences in exceediné points of the right and left wihg, for all points
the measurement valueé of the left wing are subtracted from the measure-
ment values of the right wiﬁé, i.e., "fight" or'left." If "left" is
(::) . , greater than "right,".khen the difference is written in the table with
the minus sight. Thefwedging angle of the right wing Yill be greaterl_,l
than that of the left one in the case where the sign 5; measufement'dfffer-‘k;"_ _
ences "right-left" is as follows: ‘
a) For points 8-9, 8-10, 12-18, 16-17 -- m%ﬁus sign;
b) For points 7-9, 11;13, 15-17 -- plus sign.’

In figure 49 is given the measurement arr#ngement along the wing.

/ . /
Rudder / ' . '
11. Measuréments on the wedging of thé rudder, figure 49, are carried '

out with respectvto the axis of the main part of the fdsgiage (according

to reference points 4-5). . . , : / /

Y o . | | . ‘/;_f'

_l | . . . ’39' _' : ‘/}'_
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Rudder tilting measurements with respect to height are made perpen- \ 4(

dicularly to the.axeé, passing over points &4-5. v f ' ' §_'

- Stabilizer

12. Stabilizer measurements are carried out when testing the control.

' (Mounting of stabilizer in lateral ratio is checked only on selective,//”/”)’// ‘

_aireraft.)

Fuselage

13, Fuselage measurements are not carried out for each individual

aircraft, but only on selective aircraft.

Brake Flaps

14. Measurements of angles of deflection of brake flaps (Figure 49,
are carried out at maximum flap deflection with connécted hydraulic system -
along the linear dimension according to points 33 an§ 34,

_An anglejof flap deflection of 24° corresponds to a nominal dimension

M= 368 mm.

Flap Blades

'16. "Blades" (plates) mountéd on the rear‘edge of thé flaps (Figure
49) are intended for flight adjustment of lateral stability of the aircraft
during deflection of the hydraulic system in the process of delivery tasts
and are not deflected during operation.
flap Gap
17. Flap gép is measttgd (Figure. 49) by means of a ruler along

points 33 &nd 34 at connected hydraulic system with flaps in retracted L N

40
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When measuring thé gap, a force of 2 kg is applied to the tfailing _ SR
edge of the flap. |
| ! S J,/'/
Bar of Air Pressure Receiver -/ ,
i8. Measufements on the instaliation of the Ag#/bar (Figure 4?) ' ‘Tu‘“‘=if“q“
are carried out with respect to any given éxes of fﬂe'leveling device in
verticai and horizontal planes. ,/ B
Ventral Fin /
19. Measurement on the installation of y;ntral fin gfigure 50).}5
done relative to the leveling axes over poinﬁ; 4-5. fj }
1 | f |
% Suspeﬁsion Tank o
1 1 20. Measurements with respect to the installation éf éhe suspension
; tank (?igure 50) are mAde from the axes of the main part of the'fusglage /;
.(ij\ , / (on the side) and relative to the axes of symmetry of the main part‘of‘che : //v'
| - fuselage (in plan) according‘to leveling points 56a and 57a, /J
21. Leveling the pyloﬁ under the suspension tank (Figure 50) ié )
carried out over points 61, 62, 63, and 64 relative to the axes of symmetpf,v
of the .main part of the fuselage.. | ,f
Pylon of Special Suspension on the Wing L
22, Leveling of pylon (Figure 50) is ‘done with respect to the line ;
of the leveling device parallel to the axes of the main part of the fuse-
lage according to points 56, 57, 58, and ‘59, ;
. . f“f'
Cone _ o f' -
23. Cone measurements (Figure 51) are carried out for three/positions--
cone retracted, and cone extended in two and three positions-- in addition
41 , | . ,
C , o | S-E-C R-E-T
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1s checked the beginning of cone outlet by the flashing of a signal light.

Testing cone installation with respect to the rim should be carried
out in accordance with a special pattern; a schematic drawing of the
pattern is shown in figure 52 where:

ey = distance from leading edge of fuselage to tip of come in its
first position (retracted). 7

ek2 = distance from leading edge of fuselage to tipvof cone in'ex—
tended position.

ek3 = disgance from leading edge of fuselage to tip of cone in third
position (extreme extended).

The bas;c surface should be the plane of the forward edge and ouﬁer

surface of the envelope.

Fuselage Flap

24, Measuring the angles of deflection of fuselage flaps (front and -

rear) figure 51 is done in accordance with linear dimensions by points
53 and 56.
Nominal dimensions according to points 53 and 56 correspond to angles

of deflection of ‘the flaps: -20° for forward ones and 35° for rear ones. -

Landing_Gear

25. On each aircraft are measured the sizea of the base and wheels

of the landlng gear (Figure 48).

IT. Testing Control Systems

26. Testing of control systems is carried out at the assembly plant.

in conformity with tolerances established for the assembly in the leveling

system. When carrying out the receiver-delivering program at a series
manufacturing plant it is‘permitted to readjust the control systemrwith

42
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54 and 55 on each side of Fhe insert and stabilizer are combined). ?his

. 8-E-C-R-E-T / |
N ‘ H 50X1-HUM
| | , 150X1 |
" expansion of the range of permissible installation dimensions, listed in. | | ”
the leveling system. o N / o
A. Longitudinal Control - ‘ ! '

Mounting of Stabilizer

27. The leveling poiﬁt on the stabilizer is point 55. The leveliné e

point in the stabilizer ingert -- point 54 1s applied on the left, as well / '~
: » /

as on the right stabilizer insert when mounting each half of it in accor-/

dance w1th leveling pointsll9 and 20 (Figure 53). '

The dimension (L) in ;his case should be equal to 0 (i.e,, points

'corrésponqs to a height differential from the axes of the leveling device =~ —

along points (19) and (20)!i.e., the dimension b-a = 13mm (here "ﬁ" = dig-

tance from the axes of thelleveler to point 20, "a" = distance té point 19).
e :
| . 4
Remarks: | ' .
At such a control arrangement, the "shears" of left and right halves
|

of the gtabilizer are equai to zero with a tolerance of tlmm along points
19 and 20 or along points 54 and 55 (dimension D = O *lmm).

The distance D.betweeL'points 54 and 55 when checking the neutral
positién is ﬁeasured in th# projection of the vertical for the purpose

of eliminating the effect of slot widths,
. 1

t v

Stabilizer Shears

Stabilizer "shear" is defined as the angle of deflection (in degrees
in accordance with the angle gauge or by the lineaf dimension "D", or by
. ] .
the difference "b-a") of_the right half of the stabilizer during the mount- -

ing of its left half under a zero angle (see figure 53). Nhen'assembling

the aircraft at the plant the "shears" of stabilizer halves should be equal

to zero (allowance +1mm)

43
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28. Measﬁr;hg the "shears" of ieftvand right Hélves of the stabili-
zer Are carried out with connected hydraulic system. Using the control
s;ick it is necessdary to place the left half of stabilizer along points
‘54 and 55 in zero position, D = O, Measurement along points 54 and 55
of the dimension D of the right half of the stabilizer follows next.

" In the case of presence of local contour deviations at measured
-polnts, the measurement should bé corrected by a value of initial stages

between stabilizef and insert. ' . 1‘ ‘ e

Neutral Position -of Handle

29, Checking the neutral of the controlnhandle is done (see figufe
53) in‘the following manner: with connected hydraulic system set control |
handle of the left half of the stabilizer by pulling it toward youréelf
from forward position According to points 54 and 55 by the dimension "iéft“ =,
<::> S ' 0 mm, ARU should in thisAcasg be on the 1onéer arm,‘the trimmer effect
mechanism should be in neutral. | ' : | \
To measure the pbsipion-of the ﬁandle from the instrument.panel'
along the distaﬁce "K', the<positiondof point "T" o? the handle is fixed
by means of a speqial éollar.‘ v . ‘. . |

"Adjustment" of Stabilizer when ‘Switching
over ARU from Greater to Smaller Arm

" 36. "The check ié,méde with- the "t:iﬁmer éffect5>meqh;nism in neutral
position with hydraulic ;ysﬁem ;n (see figure 53).
By pulling the controi hahdle’toward youfﬁelf,from the forward pﬁsi— .
tion set 1eft»$tabilizef aécording tozpoints_sﬁ and 55 by a dimension B
left =0 +lmm on the larger ARU'arm-. '
Fix handle in this position;;;
Ca . o

C , | - : . L 3 - '?'s-E-.cq-‘:i-'E-T
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4

Switch over ARU from larger to smaller arm. On smaller arm of the
ARU measure the dimension "K" left} when doing the adjustmentvthe nose
of the stabilizer should Be-lowered, i.e., point 55 will be lower than =~
point 54, The dimension D[ left = 18mm (up to points 54-55) correspondsp.
to an.angle of deflection of the stabilizer of 2°40' With.nose dowm.

A change in the "iead-away" value of the stabiliper is'utilized to
change the nature of the bglancing curve. )
T 7 ".I1f at greater balancing speeds (Ving = 900 to 1000 km/hr) pulling
forces appear greater than‘thelpermissible ones by 3 to 4_kg; then the.
"IEad-awayf shpuld pe increased {lower nose of stabilizer even more down).

When changing the lead-away of the stabilizer (change in poéipion:
of the ARU rod along the vertical) it is necessary to adjust the loading
mechanism to zero forces on the larger arm, with the stabilizer fixed
by the controlhandle in acpordance with the actual position "DSR." Imn
figure 54 is given a schematic drawing of the kinematic connection from
the stabilizer to the ARU.

A change in "lead-away'" of the stabilizer along the dimension D by

1 mm corresponds to a change in control handle forces of 2 to 3 kg at a

speed Vi o = 900 to 1000 km/hr.

Neutral Position of the Trimmer Effect Mechanism

31. A check of the neutral position is made (Figure 53) 1n accor- p‘ b

dance with the dimension DSR determinable by the dimensiona Dy and Dz of

Dy +D
the atabilizer, as ‘a mean value 1 z Measuring the values D, and
2 } .

D, is done in the following manner: ARU is placed on}the larger arm,

45
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The trimmer effect mechanism ie pleced in neutral position by the
signal of a flashing on green light designating trimmer effect in neu-’
tral position, by shifting the switch on the control héndle toward
yourself. Before this is executed the light is put out by shifting the
switch away from yourself

We measure the distance D- 1eft between points 54 and 55 after the

l handle is turned into ‘neutral. position from. position Dl and from posi-

tion D2. ,

The turning of tne nandle into neutral position is done bilfirst
tilting it into extreme position, slowly at a rate of not more than 100mm -
of handle movement per 10 sec.

In this case the.handle will stop at any distance from neutral posi-
tion, thanks to the friction pf‘the control system.

The dimensions Dl,end D, are piaced in a formula with their own
signs: Minus if point 55 is lower than‘point 54 (stabilizer nose is
down);plus if point 55 is above point 54 (stabilizer nose upwarde).

When balancing'the aircraft, a change in neutral position of the . =

,trimmer effect mechanism is permitted. The change in neuttal position

of the trimmer effect mechanism is applied to assure balancing of the

aircraft in flight at instrument Speed of vins = 750 :100 km/hr.

At a balancing rate of less than V; . = 750 +100 km/hr it is necessary

to change the DSR by raising the nose of the stabilizer upwards (according '
to points 54 and 55), and at a speed greater than Vins = 750 100 km/hr
in direction of lowering the stabilizer nose downward. Adjustment of the

DSR is done after the adjustment of the stabilizer lead-away.

46
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To a dimension of DSR;equaling plus 10 mm corresponds an angle ofJ
stabilizer deflection (peréendicular to the axes of rotation) of 1°30' | B _;:'%
nose upwards, In figure 55’13 gliven the relationsbip between the dimen- | |
sion D and stabilizer angleﬂfor small angles,.
Balancing the aircraf%‘ﬁy the forces at a given lead-away D = 18mm
will be assured at a Vi, -, 750 * km/hr at an altitude H = 0 to 3 km.
ARU under these conditions will bé_situated in an intermediate pdsitions
An incréase in DSR (réising the stabilizer nose according to péints
54 and 55 upwards) by 1 mmiincrease; the balancing speed by approgimately
10 km/hr. | |
| The friction force ané gap in the control system on the greater arm
when the trimmer effect me%hanism is in neutral position is determined
. by the difference between ﬁl gnd Di along points 54 and 55 of the léft
half of the stabilizer.
<::> v, The difference betweeﬁ D;-D, = 10 mm corresponds to a fr;ction force,
applied.to the handle, on éhe larger ARU arm eqﬁaling 0.6 kg at a 0 gap 7
condition. Allowances éorng and D, are not set up and allowance is only
made for their difference,;i.e., Dy -D,. | |

MaximuﬁiMovements of the Handle -and
Maximum Deflections of Stabilizer

32, on every aircraft are measured only the maximum movements of
the handle and maximum angles of deflection of the stabilizer on the large

and small arm of the ARU. ;

Measuring the movemen% of the handle 1s done by points listed in the
schematic drawing shown.ianigure 53 and 56 during its total deflection
| : .

47 !
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toward yourself and away from yourself by the difference in the dimension

"K-M" and '"N-K," point "T"-conditicnal point of applying the force.of the
-pilot‘s hand. Position of point "T" on the handle whern measuring the
‘movement ‘of the handle is fixed by a special collar, .

Measurements are carried ocut with hydraulic system connected with
normal pressure and with trimmer effect nechanism-in neutral position.
The fixing and control of che ARU poeition is done by the indicator in

zién S  the cockpit. : |
| The angles of stabilizer deflection are meaeured by an angle gauge
perpendicularly to the axes of rotation. The angle gauge is placed in
zero position along‘points 19 and 20 on each half of the stabilizer.
The reading of angles foreach half. is done from zero (Figure 53).
When it is necessary to change the angle of inclination from perpen-
dicular into a direction pafallel to the flow it is necessary to use the
(:jﬁ‘ : | folloﬁing ratio: ¥”st in direction of flow = 0.559 ?7;t perpendicular |
to the axis of rotation. '

Clearance along the Movement
in the Control System

53. The clearence Qn the‘hendie in longicudinal direction is measured
(Figure 53) when the hydraulic system is disconnected and the loading
mechanism on the small ARU arm is off. The clearance is measured in the
chein running from the handle to the booster. The magnitude of clearance
allowanceiincludes ;he gap of the booster slide-valve, %he booster ‘is fixed -
automatically (thanks to a h&draulic lock). To the handle is applied a

.ﬂ_ferce_of 2 kg pushing‘the.handle"forward and the movement of the handlelis-
7 measufed, when pulling the handle toward yourself we also measufe the

48 ' ; L : |
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movement of the handle, Thesum of handle movements away from yourself and P

toward yourself.appears to be the gap. The measurement is repeated twice

but in a different sequence.

The mean value is inserted in a table,

|
|

B. Lateral Control

Neutral Position of ﬁandle
. - |
34. Neutral position of the handle (i.e., at a force applied to it

l .
equaling zero (P = 0) should be in the plane of symmetry of the aircraft,-

l
The hydraulic system is| jon, pressure normal. The shifting of the

: | .
handle into neutral posit1on:during operation is controlled by the dis-
| .

tance "from left" end of cabin (from reference point 21) to point T on

| .
the handle, measured when the airplane is leveled at the assembly plant

and the handle {is fixed according to a balance (see figure 57). o

[

Aileron Shears

35. The "shears" of ailerons are the sum of angles of deflection
of the left and right aileronF (in various directions) during neutral
position of the handle.'.Wheﬂ‘the aircraft leaves the assembly plant  the
shears of the ailerons shdﬁld'be zero. The shears of ailerons are used
for lateral balancing/of the eircraft when cerfying oﬁt the acceptance-
delivery program. |

The shears of ailefons (see figure 57) are measured in the following
order: - hydraulie system "on";

- handle in neutral position according to the leveling dimension . .

49
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It is unnecessary to fix the handle because it is held in neutral
. ‘ _ position by the frictiom force and by the force of the loading mechanism.
We measure the.linear dimensioné " ;ccording to points 38 and 38a
along the left and right ailerons,.
We determine the magnitudeé of thé‘shgafs of ailerons by the number
of measufements of "N"l(at a deflection of aileroﬁs in various directions). é;
.The direction of shéars‘is determined by the right alleron using terms--
"right aileron up," fright aileron down," at a condition when ﬁoints 38
and 38a of thetleft a;leron coincide,
In the prbcesg of changing fhe shears of the aileron fo: the purpose
of balanéigg the neﬁtral poéition of the handle does ﬁot change. -.
When measuring the sheérs 1h the case of preseﬁcerf_local deviations
. of the contours at the measured points, the measﬁrements»should be correc-

ted by a value of the initial stage between wing and aileron.

| <::>1 : o The shears of ailerons ‘are used to eliminate the banking of the air-- .

craft during flight with boosters on. The rules of applying aileron shears'[
when balancing the aircraft with hydraulic system on aré:
| - "_' a) during left banking of the aircraft.it is negeséary, during néuF
o - j A trai pbsition of the handle (by the diﬁension "form the left") by adjusting
o R thé controlhcables, to defléct the left aileron downward and.tﬁe right one
upwards, | ' |
b) during right Banking of ﬁhe aireraft left aileron up and right one

down. /
The magnitude of ai%eron deviation along points 38-38a is evaluated

!
{

by the following ratios:/ During banking, moving the handle 5 mm from neu-
tral position (force against the handle approximately 0.3 to 0.4 kg) each
/ .

/
aileron should be deflected by 5 mm along points 38-38a.
: i f
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Maximum Movements of the Handle and Maximum
Angles of Adleron Deflection

36. Maxiﬁum movements of the handle are checked with hydraulic system
connected. The movement of the handle is measured by a ruler from neutral
position (by the dimension}"from the left") along point "T" on the handle -
(éee figure 57 and 58). .

37. The angles of aileron déflectioﬁ are measured by an a;gle gauge
with connected and disconnected hydraulic system perpendicularly to the
axis of aileron rotation (Figure 57). |

Zero position éf fhe angle gauge is set up fof each aileron by com-

bining points 38-38a of the left and right sides (see figure 57).

\

Non-Linear Mechanisms

38. On each aireraft is made (figure 57) a.check of the non-linearity
of the kinematié bond between the handle_aﬁd the aile¥dns with connected
hydraulic system and one position of the handle. |

To this condition corresponds a’maximuﬁ coefficient of non-linearity.
Measufementg are conducted simultaneously wiph the measurements desﬁribéd e
in paragraph 36. - - | N

‘When entering into the table the angles of aileron deviations fo;/;//f//’/

given handle movement from neutral, the obtained angle of deviation should

"be deducted from the value of the angle corresponding to the neutral posi-

tion (with the existance of shears). Measurements are qarried out for both
left and right ailerons for handle deflections both left aﬁd right 50 mm.
A check of the nonlinearity of the kinematic céupiing between the levér and
aileron for the entire rénge of handle movements is made according to.fhe
additiohal instructions.

51
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Knife (Plate) of Left Aileron

39. 'The knifeof the left alleron serves for transverse'balancing
- of the-aircraft. |
wpen the aircraft leaves the assembly plant of'a series‘manufacturi
ing plant and before the first flight, the angle of bending of the knife B _ 'v;v
should be zero (see figure 57). The deflection of the knife is further
used to assure lateral balancing of the ailrcraft with deflected aileron
boosters. | ; .
The rule for bendiqé the.knifepdf the left aileron to assure 1ate¥al :f
_balancing with engaged #ydraulié system is as follows:
a) 'If the aircraff banks to the left it is necessary to bend. the
knife of the left aile%on upwards .
b) If the'airtr;ft banks to the right the knife-of the left aileron
is bent downwards. |

(::) ' The bending of the knife by 1 mm against the banking reduces the

control handle force by & to 8 kg at Vj 4 = 1000 to 1100 km/hr.

C. Path Control / L .

Maximum Angles of Deflection of the Rudder . o . ' e
and the Movement of Pedals’ ‘ ‘

/
40. Angles of deflection of the rudder (Figure 57) is measured with
an angle gauge perpendicularly to the axis of rotation. Zero position

of the angle gauge corresponds to a coordine}ion of points\é? on the rudder

and 27 on the fin. . o o SRV
Movemerit of the pedals is measured fgém zero posiﬁipn_of-the rudder’ W g

using a ruler. PR

52

i.

/ " 50X1-HUM

. ' ) ' L -52-
<jj3 ' S~E-C-R-E-T
= -
/o

Declassified in Part - Sanitized Copy Appro'ved for Release 2014/02/06 CIA-RDP8OT00246A03/02(‘)0‘200-001-3 '




[
1

Declassified in Part - Sanitized -Copy Approyed for Reléase 2014/02/06 : CIA-RDP80T00246A030200200001-3

S~E-C-R-E-T _ . o
O | . 50X1-HUM
.  50X1
Knife of Rudder o
) 41. After assembling; the angle of bending of knife of the rudder should
bevequal to zero (see figure 57). '
The bending of the knife is used to assure path‘balancing of the _ |
aircraft with respect to force., ;/;;///);/‘
Control of knife bending is carried out along two sections, lower and
- - ~ upper, using the following rulé; if the aircraft turns to the right, the
knife of‘the rudder is ben£ to the right ('inidirection of flight); during
left turn--to left side.- | A ; :
For the turning of the aircraft (leadout of “pellet"'of Eﬁﬁ;gﬁif
a) up to subsonic spgeds - bend knife in lower sections; .
b) atsupersonic speeds in upper section.
In the center section the knife-should-not be bent. -
<:;> If the aircraft turns such that -the leadout of the "péilet" is_one
| diameter, the knife should be bent approximately 0.5 mm. |
IIT. Measuring the Forces on the Hgndle and ianedals
"A. Longitudinal Control
, Forces on the control Handle from
! the Loading Mechanism
42. The forces acting against the handle are measured on each Qir-‘
craft when the ARU is on the small arm, when shifting towérd yourself and
~away fro? yourse}f but only in direct movement. . |
The forces (Figure 59) are measured after a control check has been
made, 1.e., by the esﬁablished values of Duvod and Dsr. N
The measurements are m;deiundef the following conditions:
53
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The forces against the handle are measured with a special dynamometer

t
(of the "TORAR' type).

%
o

‘When the handle is shifted away from yourself or toward yourself
the axis of the dynamoﬁetet.should be parallel to the‘gxis of symmeﬁry f/'
of the fuselage and perpendicular to the qxis of thelﬁﬁndie. The appli- ,  el
cation of dynamometer forces to the handle should be at point "T". j

The movements of the hagdle are measured with/the aid of a special
ruler installed in the cabin on a bracket. The feading of movements 1is .
done along the arc of the.ruler with its radius/of 605 mm.

The béginning of reading the handle movements is assumed to be the

position of the handle, at a zero angle of'deflection of the stabilizer,

~i.e., at a stabilizer position (left) by the dimension D = 0 (along pdin;é o

/ ’

54 and 55). o : ;

The measurements are made when the handle is shifted from position

.D = 0 into position toward yourself and away from yourself by 5 mm less . //i_

| . .
than the maximum movements.| ' S /
Selection of handle movement less than maximum 18 made for the purpose s

of eliminating inaccurate measurements of forces on account of handle
. - ! _ ‘
1

resistance. : C s

'

The forces are measure§ during direct movement of the haﬁdle, i.e.,

when it moves from neutral toward youtself, then from neutral away from N
. . o 4

F-

[

friction forces in the contFol system and #8% change in forces on account
| ' : ' ¢

!

) [ ) . s v“
The forces during the movements from extreme positions into neutral
i /

(reverse movement) are not Weasured. /I

54 | - | ) ‘f
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The forces are measured only in movement, i.e., other forces are

not measured.

The measurements are cgrried out at neutral position of the trimmer
effect. |

The mechanism of the trimmer effect is placed in neutral position
by the movement of the switch on the handle toward yourself, the signal
light is put out_by the movement of the switch away from.yourself. The
measurements‘aré carried out at normal pressure of the hy&raulic system..

The measurements are made at a temperature of the outer air withiﬁ
limits of the +10° to +20°C. |

The measurements are carried out on the aircraft with fuselage hatcheér
closed.

"'Ptior to carrying-out the measurements are made several movements -

of the stabilizer.

Number of points to be checked during messurements :

In the rénge of a rigid spring of the loading mechanism during the

movement toward yourself - 6 to 8 points, away from yourself also 6 to 8 -

points,

In the range of a soft spring duriné the movemenf toward yourself =~
10 to 15.points; away from yourself - 8 té 10 points. ’
. :The ARU is éet on the small arm by the cabin indicator.
The forces are méasuged in the following manner:
‘a) Deéflect handle into forward position and then, due to fricpion;
lower it into neutral position with a speed of not more than 100 mm-of

handle movement per 10 sec, so as to assure the attainment of the neutral o

55
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| | ]

position exactly. (This leads to the elimination of lags oetween the
' . | / o
handle and loading mechanism.) !

\ . o
b) Measure the forcﬁs along the movement of the handle when shifted
from this position into the direction. away from yourself,

c¢) Having deflectedithe handle into position toward yourself,place

it in neutral position, analogous to ooint A",
|
d) Measure forces during movement toward yourself from this posi-

tion. The force values bj‘the measurements should be adjusted by the /

available sample, shown in‘figure 60.

/

In thetable should bj entered the maximum forces appearing during i

;

£

After plotting the force points.on the handle along its movement -

and after drawing a line along these points, check the gradient of changes -

in forces in the range of handle movement to points E-F. /

The gradient of force changes is called the ratio of force gain to

R . .
the gain in the movement of the handle, i.e., R¥ E:K>"- /
|

The gradient of forcT change R* is determined for the sms{i (rigid)
spring,in this case the gradient is determined conditionally by the forces
at points A, F, and AjE (see figure 60).

The values of the force gradients R¥ should be determined during

AR

the movement of the handle away from yourself by: . .
O% KE - Xap

and toward yourself by: R’f AR F .
} AK Xp-Xy,

On the graph of the leveling scheme the nominal forces are plotted

) |
the loading mechanism., Differences in forces allow for nominal values of
, i : ‘

leadou: and Dsr of the stabilizer.
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Range of Operation of the "Trimmer Effect" Mechanism

,43‘ The range of the operation of the trimmer effect mechanism,
Figure 59, is checked under the following conditions: vadraulic system
connected; ARU in two position--larger and smaller orm.

. Movement of the handle is measured by a ruler in the cabin from the
position of the handle A: neutral position of the trimmer effect mechanism.

To neasure‘the range of operation of the trimmer effecc mechanism .

. ic is necessary to fix the trimmer effect mechanism in neutral position
.(by the flashing of green light) using switch during movement toward
yourself; shift handle into extreme position away from yourself, ‘applying
rpressure to the trimmer effect switch; measure maximum movement of handle;

repeat measurement with handle deflected toward yourself,

B. Lateral Control

C - : Fpi-ces:Against Alleron Control Handle
44. The forces against the handle in relation to the movement of tne -
handle are measured only on selective aircraft.
On each aircraft are checked the nominal Qaloes‘of forces accing
against the handle from the loading mechanism with an allowance -of 8%
for change in forces on account of the loading mechanism and friction
MR forces only at extreme deflections of the handle (see figure 59)
| The measurements ere made with a special dynamomecer (of the "TORAR"
type). . , . o

The application of dynamometer forces should be at point "T" on the

control handle (see figure 58).
The axis of the dynamometer should be perpendlcular to the axis of
the handle.
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When measuring the forces the handle sﬁould not be moved within
5 mm of the extreme positibn to avoid inaccuracy when measuringf;ecause
of the handle stop.
Measurements are made| with connected and disconnected hydraulic
system. |
Before measuring it is necessary to move the handle several times
into extreme position.

Measurements are made| at an outside temperature ranging from +10°

The forces are measured for a smooth deflection of dynamometer con=
trol handle to the .left and right.

Measurement of forces| during reverse movement 1s not made.

In the obtained force~va1ues (and in the nominal values) -are included

l
friction force values of control systems and 8% for change in forces on’

account of the friction fo;ces in the loading mechanism); When the‘hy~'
‘ .

“draulic system is off the korces against the handle increase sharply due

.. l
to the higher friction forces of the boosters.

C. Path Control

Fofces Against the Pedals
45. The forces against the pedals (Figure 59) are measured by means
of a special dynamometer with pedals in extreme positions, but not nearer

than 10 mm to the point of rest during the movement of left pedal away

fromvyouréeif and toward yburself. The force of the dynamometer is'applied

at the point of conditiona} applicétion of the pilot's foot force, i.e.,
at a distance of 200 mm from the axis of rotation of the pedal,
In Figure 61 is givenza schematic drawing of pedal movement. -
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Supplement to Methodical Instructions
on Leveling and Ground Balancing
for Selective Aircraft

General Data

Measurements by the "eupplement" on leveling system is carried out
only on selective aircraft or in the case abnormalities in the behavior
of the aircraft are revealed in the process of carrying out the accep-
tance-delivery program (banking, unusual turns, etc.). '

‘ Prior to carrying out leveling by tne hsupplement" the aircraft
should be leveled in ccnformity nich‘methediCal inetructions prevfouslyr
explained. | » | ‘

. In figures 62-72 is given supplementary material necessary for the

checking of leveling data and the antrol systems of-selective aircraft.

I. General Levelinglof~aanircraft

Wing
1. The fixing of lateral "V" ef the wing is checked by points 18a-8a.
When looking in plan view the bend of the wing relative to the axes of the-
main part of the ‘fuselage 1s checked in accordance with points T.1 and_
T.2 by dimensions "A left," ‘and "A right."

"The curving of the wing relative to the axes of the tail section’of'

‘the fuselage is checked along points T.3 and T. 188, by dimensions "B right"

and "B left" (see figure 62).

A nominal dimension E = 42 mn corresponds to an angle of lateral V = 2°,

Landing Gear
2.  We measure the angle of landing gear collapse by the dimension
E (Figure 62)
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Fuselage

3. When checking the curving of the fuselage are measured the dis-

. placements of point 3 relativeé to the axis of the main part of the fuselage

(the fuéelagq is located along points T.l and T.2) by_tﬂe dimensfon "L".
When viewed in the plan fhe displacement of the axis of the tail gection
relative to.the axis éf the main section of ;he fuselage is measured by
the dimension "V'" between the a#is of the main part over points T.4 and
T.5 and point 6 on the tail section éf the fuselage (Figure 62).

The twist of the fuselage 1s checked by sections. Measurement of
fuselage twist is done when it is piaced over points 1 left and Z_iéft
along the 1ength andbover poiﬁts 8a left and 8; righﬁ in ﬁidth, by the
differences between the measu¥ements oﬁ the left and right halves 6f the

fuselage (Figures 62 and 63).5.

. Stabilizer
4, The mounting of the stabilizer and its curviture, relative to

the main part of the fuselage; is checked along poiﬁt T.2 on the main

part of the fuselage and along point T.22 on the stabilizer by the diﬁenf .

: l
sion "R" (see figure 62)., . |
Checking the lateral "V" of the left and right halves of stabilizer

is done along points 20-22 by setting the stabilizer by the dimension .

""w-a," A check of the stabilizer at a height relative to the axes of

the main part is made by the dimension "é" by placing the stabilizer at
a zero angle by the differenc% in "b-a"»befween points i9 and 20 (gge
figure 63).‘ ' N ﬁ

To the nbminalvdimensionfe = u22 * upo = 412 cortesponds the lateral

angle of the stabiliier»"v = 0,"
60 -
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_Fieps

5. The flap slots are measured by the dimension-"n" (Figure 63)
during flap deflection at the maximum angle with connected hydraulic

system for left and right‘flaps.

Brake Flaps

6. Measurements'pf the angles of deflection of the brake flaps.
(Figure 62) are made during maximum deflection of brake flaps with hy-

draulic system on: (a) Forward (left and right brake flap) by the linear

. dimensions 'Kshch" over points 57-57; (b) rear one by the dimension 'Kshch'

over points 51-51.

To the nominal dimension ishch = 446 corresponds en angle of deflection :"
of the forward brake flaps of 25°.

"To a nominal dimension Kshch = 672 corresponds an angle of deflection

of the rear brake flap of 40°,

Wing Fence

7. Archeck of the fence installation relative to ehe axes of the
main part of the fuselage (along points 4 and 5) (see figure 63) is made
by measoring the dietance from the axis of the fuselage to the nose of
the fence ﬁGpgrn and;by tﬁe distance of the nose of the fence -and tpe

tail of the fence "Gp8T - G,8™" for the right and left fence.

II. Checking the Control System

A, Longitudinal Control ‘ ' . DS

8. A check of .the angles of stabilizer deflection. The stabilizer

tions on Leveling for: Left and Right Halves of Stabilizer at Various Posi-

tions of the ARU rod" (see figure 64)
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In figure 18 is shown a change in the stabilizer angles by the move-
ment of the handle in relation to the instrument speed and flight altitude.

In figure 65 is ahoﬁn ghe arm change of the ARU-3V automat in rela-
tion to the instrument apeed‘and flight altitudg. |

A change in arm of the ARU-3V with flight altitude (altitude correc-
ﬁion)-takes place automatically to an altitude of 10,000 m. At an altitude
of 10,000 m the ARU-3V chan%es into the larger arm which at altitu&e of
10,006 m and over remains cdnétant at all fiight velocities. A

In figure 64 are given}completé characteristics of the forces acting
agéinst the handle of the stabilizer mechanism when the ARU is in working

I .
position and the trimmer effect mechanism is in neutral position, and the

booster is on. '
The forces affecting the handle during its movement as shown in figure
(:ij‘ 19 are given without consideration of friction in the control systém;A
” | The angles of stabilizsr dgflection when ARU is in positions corre=
'sponding to altitudes of 5 gm, 7.5 and 10 km, are checked at a apeedvof
Vin§ = 1100 km/hr (Figure l?). |
When doing measurement§ we write into the tables of the leveling
','system (Figure 64) the actual speed values, Ving, at the beginning of
' . ARU operation and Ving at the end of ARU operation (corre3ponding to a
displacement) and with ARU in position of small and larger arms.
For the given speeds have been esfablished tolerances. |
In an analogous manner are checked the altitudes at the beginning
of the correction after the connection of the ARU automat.

The actual altitude values at the beginning of corrections and the

end of corrections are entered into the very same table.
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In additionito angle measufement,'is also measured the dimension D
{along points 54 and 55) of thevnominal dimensions. Ihe norm for the D
dimension is not given.

. The instrumental speed (rated Speed)eand the altifude when measuring
stabilizer deflection angles is produced by‘KPﬁ-3 instrument. For this
purpose one KPU-3 instrument is connected to the dynamic aperture‘DUAS-BM;
(KPU-3) is connected to the static aperture DUAS- M.

The: pressure in the dynamic line of the ARU sensing element controls
the indicated speed instrument (according to the wide arrow)-V{,q; and the
pressure in the steticiline controls the altitude indicator--Hjng.

It is necessary-to set the altimeter dial on the altitude value which

~ is shown by‘the {nstrument in standard atmosphere at a barometric pressure
..while the. aircraft is parkedf(this assures the realization of measurements -

" in accordance with standard conditions)

To do this it is necessary: (a) to tightenthe fastening clamp and

set the pressure in the little window at 760 mm Hg;v(b) to consider the

_instrument errors of the speed indicator and altimeter.

When setting the necessary gear ratio, the values Vins and Hins must |

: be given aeeurately, starting with small values of V, and Hy ..

Remark: The control gear ratio is the ratio of increase in handle

movement to the increase in stabilizer movement, i.e., éx .

_The relative gear ratio K%, ofAthe control is the ratio of values
é%%% at given altitude and flight speed to the valuej%%%‘ at H= 0 and

Vins = 0. In Figure 60 is shown the value K‘P % depending_ :

Warning at a constent Vins it is necessary to keep in mind that
: /
exceeding a Vins of 1250/km/hr may lead to a stoppage of the ARU automat.
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B. Laterél Control

‘ : : ‘. Non-Linear Aileron Mechanisms

| 9. A check of the non-linearity of kinematic coupling betweenfcoﬂcrol-‘.' T
handle and ailerons is also done as described in paragraph 38,"Whthodiéél
Information," but only in forward and reverse movement of the handle and e
within 20 mm of the neutral handle position (see figure 67) On figure 67
is shown the angles of aileron defiection for movement of the handle to
the right and left with boosters connected for the entire range of ﬁandlé

movement .,

Play of the Control Handle

10. - The play of the aileron control handle is measured with hydraulié
* system off, see'figure 67. When measuring the amount of play the left |
aileron should be secured in the neutral position The handle should
(:;) _ then be moved sideways with a pressure of 2 kg and the position of the
| handle should be noted, then the handle should be moved toward the oppo-
site side with pressure of 2 kg and this‘position of the handle should be
noted. - The full displaceﬁent of the handle in this range is the amount .
of playp .Then repeat handle movement measurement again unde: ;he very
same effects but in reverse sequence. -
In the square of figure 67 writé in the mean value.

P

I1I, Measuring the Forces Acfing aéainst the Handle and Pedals

. rj : A. . Longitudinal Control

: Forces against the Control Handle
\ from the Charging Mechanism

11. The forces against the handle are measured in the same way as
described in paragraph 42, '"Methodical Instructions," for three positions : o 5:
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“ of the ARU rod on the small, large, and medium arm, during forward and
- reverse movements of the handle (see figure.64).
The number of points to be measured with the fixed spring of charg-

" ing mechanism for movement toward yourself is 6 to 8 and away from yourself

1s 6 to 8 points; and with the flexible spfing for moveﬁeng toward yohrself
it is 10 to 15 points, and away from yourself it is 8 to 10 points.
if,laftér measurement of forces at each condition of Vipg and Hings
there is a noticeable discrepancy of points, it is necessary to.mgasﬁré
again,
| The values of force measurements are plotted for forward and reverse
_ movements under various conditioné using the saﬁe designations és in figure

68.

When measuring the fbrces the handle should not be moved within 5 mm
. { )

t

C:“\ + - of extreme position in order to avoid distortions due to the point of
= ’ {

handle rest. ' .
!

The ailowable forc; value iﬁciudes an allowance of 87 for s#ring
forces of the charging mechanism and for friction.

The forces duringlforward and reverse movements differ by the value’
of double friction for;e. |

The control characteristic is considered satisfactory if the force ./
' . / . ‘//
measuring points are situated within the tolerances, 7ﬁd in addition a

/! ‘ Dt

. VA
allowance for the force gradient should be maintained. , A : ' o
// .
Determining the Force -Change Gradient on
the Handle from the Stabilizer

12. The force change gradient in accordance with movémgnt of the

handle is determined only on the small ARU arm during forward moveme:f.‘ K ¢
. L A & N

: R /
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The force change gradient according to the fixed spring is checked
on évery aircraft as mentioned in ﬁaragraph 42 ﬁMethodical Instructions."‘

After plotting a force dependence for the handle ‘in accordance with
its movement and after drawing a line along these pointé, as is shown in
figure 69, it is necessary to check the force change gradient for the

hollow sections (according to points F--toward yourself, and E--away.ffom'
AR, Rg,-Rg ’

ourself RX e = 22
y ) A X iE;sqr“‘

The gradient R¥ of the hollow sections {s checked only for selective "7

aircraft. ‘ . . ' ' - -

Measuring the Friction Forces
of Longitudinal Control -

13. The friction forces are determined after plotting oﬂ the graph,
figure 64, the force measurement results on the handle in accordance QithA '
its mo?emenﬁ from the cﬁarging mechanism in forward and reverse movements:

The fric;ion forces are determined with the handle in neutral posi-v_.
tion and in extreme positibns on the greater and smaller ARU.arma.(H - 0;
Vi = 0 and Vy, = 1100 km/hr). | |

The ffiction force in the control system is determined from the
ratios of forces acting during fofwar& and reverse movements, e.g., if
the force against the handle during forward movement equals Zé kg and
during reverse movement of the handle only 20 kg, then the valﬁe of the

, . 22-20 '
friction force will be equal to T = —5— = 1 kg.

In figure 68 is shown a picture of plotting the results of measure-

ments during direct and reverse movements of the handle. L o
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Play (Acéording to Forces) on the
Longitudinal Control Handle

14, Play measurementsjare carried out in two positions of the ARU
- on the greater and smallerfarms. The play of the stabilizer handle is
determined by figure 64,plotted in accordance with measurement results..
The play should be cheéked between the center lines of actual force
measurements regarding forward and reverse movements of the handle,(handle

"toward yourself" and'away from yourself™) at P = 0 as mentioned in figure

 68.

B. Lateral Control : .

Forces against Aileron Control Handle
15, The forces against the aileron handle are:ﬁeasured both during
right and left movements and during forward and reverse movements (Figﬁre

/
{

67). ;
(j:} The number of points during measurement is 6 to 8 during. left and /
right movements in the range of action of rigid spring of the charging
mechanism and 8 to 10 during left and right movement in the pange qf'ac-
tion of flexible spring of charging mechanism. / /
In figure 70 is given a sampie bf plotting force measurement results
on the handle for its righf and left movements. The value of the force .
should be plotted for the forward and reverse movements with variéus con~
ditional signsf
When measuring handle forces the handle should not be moved within
S mm of the extreme position in order to avoid inaccuracy due to the.

handle stopé..

67
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The force allowance value includes allowances for the spring of the
charging mechanism equaling 8% and the friction force. The forces during
forward and reverse movements differ by the value of double friction N
force. The control characteristic is considered aatisfactory, if the force
measurement points are within allowances; and in add;tion.it is necessary
to maintain. an allowance for the gradient of forces in accordance with
the rigid spring. |

In figure 71 is given a theoretical dependence of the change in forées
on the handle upon its right and left ﬁovémehts. The forces are given
without consideration of the friction force effect in the system of aileron

control,

Measuring Friction Forces of Lateral Control

16, The friction forceslafe determined after élbtting on the,graph-'
(see figure 67) ;he force measurement results on the handle ffom ghéuéharg;
ing mechanism during forward and reverse movements. | .

Friction forces are determined during neutrai'poéition of tﬁe héadle"
and with the handle in extreme positions. " The friction force 1ﬁ the
aileron control system is determined from ratios of forces, acting during ﬁ
forward and reversé movements, e.g., if the force'against the hahdlg during
forward movement équals 6 kg ana during reverse md&emeﬁt 4 kg, then the
friétion'force valuevequals T= é%£v= 1 kg.

Play (in Accordance to'Forces) on
‘the Aileron Control Handle . ' R I

17. The force play on the aileron control handle is measured from

grépﬁs (figufe 67) as distancesﬁbetween the center lines of actual force

68
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| ‘ ' measurements for the movement of the handle during forward and reverse , .

/
movements (handle "to the left" and handle "to th@ right") at P.= 0, as
it is shown in figure 70. /; O v
Forces against the Pedals L S

18. The forces acting against the pedals are measdred”f7r'each
. . . f.

aircraft_(paragraph 45).

Determining the Gradient of Force Change
on the Aileron Control Handle

19. The gradients of force change oﬂ the aileron control handle are" ‘/
determined along the section of the rigid spring during forward meveﬁent
of the handle to the right and left (figure 67).

In a similar way are determined the forces’ acting against the handle/

of longitudinal control (paragraph 12). ;o

i . ‘
| ’ ) Co /

: (::? . C. Directional Control ‘ A }{

Non-Linear Rudder Mechanism

20. A check of the non-linearity of kinematic coupling between_pedéLs R

and the rudder is done during forward and reverse movements of the pedels.
[

J Ll
¢ AN -

within 20 om from neutral pdsitioﬂ (see figure 72). /;
| ' .

: |
In figure 72 is given the change in the angles of rudder deflection

to the right and left for tﬁe entire range of pedal movements. /f

i

Methodicalulnstructiens on Balancing the Aircraft in Flight
o

| General Data
H . 1. The present methodﬂcal instructions on balaﬁcing the aircraft in

|
flight have been compiled iA conformity with the methodical instructions

69
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governing the leveling and ground balancing of aircraft, described in
appendix 1 to chapter 5 of this report.

2. Methodical instructions contain no allowances. All allowances - v

are listed only in the leveling system.

3. The sequence of flights for aircraft balancing is given below. \

I. Instructions for Flight Crew

A. Pre-Flight Control Test

Before flying for aircraft balancing the pilot should become acquainted
with the leveling system, and as he makes a pre-flight inspection of the
aircraft in conformity with instructions governing. the operation he should}

" check: (a) arrangement ovaRU? which should be on the greater arm; (b)
arrangement of trimmer effect mechanism in neutralvposition; (c) shears of
_stabilizer (difference in setting angles of right and left halves of sta-
(::> . - - bilizer) according to lines 54 and 55 from the left (see figure 53) should
. ; be O ilzmm when combining‘lines 54 and 55 of the left stabilizer half; (d)
the correctness of the position of the rear stabiliier‘adges,,rudder,
ailerons, and flaps. The position of the rear edges should be as follows:
The knife on the trailing edge of stabilizer tilted upward by 4°; knives
.of trailing edges of rudder and ailerons should be: before the first flight .
‘during acceptance-deliver§’tests at the'series manufacturing plant in zero -
position In subsequent flights they are controlled in conformity with

the . flight results for balancing. i ‘ . r . e

B. Longitudinal'Balancinggof Aircraft in Flight "

‘The purpose of this taak.is to balance'theﬁaircraft:with the trimmer
effect mechanism during climb to an altitude of 3, 000 m (in rectilinear
climb without overloads) during maximum operational condition of the engine

>
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by instrument speed showing 750 100 km/hr (by the wide arrow) with re-

‘tracted landing gear, flaps, brake flaps, and without suspension tank.
Make sure that the balancing mechanism of the trimmer effect is set
-in the neutral position according to the signal lamp pfior to takeoff.
The order of carrying out the balancing--the balancing should be
carried out in rectilinear flight after reaching an instrument épeed of
750 100 km/hr, and then not using the trimmer effect mechanism speeding .
‘up to an inétrument speed of 1000 km/h: he must check the nature of
:changeg in forces affecting the handle.
At speeds greater than the balancing speed (Vi g = 900 to 1000 kwm/hr)
‘pulling forces against the control handle‘gf up to 3 to 4 kg are permitted.
In figure 20a is given a typical graph of a balancing curve P = £(V), i.e.,
a change in handié forces in relation to the speed of flight according to
(j\\ ’ v - instrumeﬁts when climbiﬁg t; an altitude from H= 0 to H = 3,000 m.
g Remarks:  If to securé’longitudinai balancing of the aircraft at an
instrument speed of 750 t£00 km/hr the pilot has to utilize the trimmer
effect mechanism and the illumination of the signal light has not corfe;
sponded with the balanciﬁg speed, then the pilot should determine the
balancing speed at which‘the signal light does go on. .
If after the balanéing flight it is necessary to adjgst the trimmer
effect mechanism or to §djust the "lead-out".cf'the stabilizer, then it ‘ //'

. / 7
is necessary to make a control check of the balancing in’ the next flight.

C. Llateral Balancing of Aircraft in Flight . /.
. . ) ’/ "
When doing lateral balancing evaluate the lateral balancing of the
; :

‘ / o .
aircraft with aileron boosters on in accordance with an instrument speed
/
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showing 1000 *50 km/hr. If for the purpoée of balancing aircraft banking

' i
the movement of the handle, in this case does not exceed 1/4 of the total .

movement of the handle.(which corresponds to an aileron deflection angle

of 2.5%) then it is possibleito begin checking the lateral balancing of //

¥
{
the aircraft.

Remark: If to balance banking we need more than 1/4 of handle move-~

/

ailerons.

E
ment, then after the flight’it is necessary to adjust the "shears" of the.
v /.

The purpose of the mission is to assure lateral balancing of the

aircraft over the entire range of speed operations. ‘
Balancing is assured when the boosters of ailerons (adjusters ;f
shears) are in "on'" position, and when aileron boosters are "off"’/by
tilting the knife on the trJiling edge of the left aileronm. ‘
Remark: ﬁhen checking |lateral baiancing the aircraft should fly
without slip. If in heading ratio the aircraft iseill not balanced, it

is allowed to eliminate slip by tilting the rudder pedals.

Balanicing when Aileron Boosters are Off
. |
The purpose of the mission is to assure balancing of the aircraft

up to.an instrument speed of 1000‘i50 km/hr at an altitude of 2000 to
2,500 m. The order of carr;ing out the balancing at an altitude of 4000
to 5000 m at instrument speed of 600 km/hr cut off the aileron boosters
and then in slanting descent from that altitude to a height of 2000 to

2,500 m at maximum engine operation accelerate to an instrument speed of

1000 *50 km/hr, then decelerate to an instrument speed of 750 km/hr after

which the aileron boosters are connected again.
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Up to an instrument speed of 800 km/hr is permitted a slight banking,
balanced by the deflection of the handle with a force of not more than

4 kg, and as the speed increases these forces can be smoothly increased

to change the sign but at the end of the acceleration to an instrument
- . speed of 1000 £50 km/hr (Mach number = 0.89. to 0.92) should not accede

15 kg.

In the event the forces against the control handle reach a-value of
15 to 20 kg at lower speeds, it is necessary to discontinue the accelera-
tion, to decelerate and again cut in the aileron boosters.

Fix the speed, flight altitude, direction of bank, approximate value
of the force against the handlé and handle movement, necessary to elimi-
nate bank.

Remark: If after the flight it was necessary to unbend the knife
on the aileron, then in the next flight it is necessary to check the

lateral balancing with aileron boosters shut off.

i Balancing,with Aileron Boosters On

The puspose of the mission is to’ check the balancing of the aircraft

in acceleration to a maximum permissible Mach number,at an altitude of

13,000 m.

Special attention ;hould pé devoted»to“lateral.talancing during
acceleration to a maximum permissible Mach number. In case the aircraft
is not balanced at any given conditinn, the pilot should fix the instru-
ment speed or- Mach number, flight altitude, direction of banking, approxi-
mate force values and movements of the handle, necessary to eliminate
bank.
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At near-sonic Mach numbers (0.89 to 0.92) and up to maximum permissi-

to Vi, g maximum) is permitte& a smooth increase in control handle deflec-
| ,
tion of the aileron handle i? order to eliminate bank up to 1/4 of th

movement.

Remark: If after the fiight it was necessary to adjust shears of

the ailerons, then in the next flight it is necessary to chéck the lateral -

balancing with aileron boosters on.

D. Directional Balancing of Afrcraft in Flight

_The purpose of the mission i3 to assure directional balancing of the
aircraft over the entire range of operational speeds. |

The balancing is assureg by bending the knife 6f the rudder.

For difeétional balancing it is necessary to pay‘attention to the
bahavior of the aircraft when flying up to maximum pefmissible instrument
speeds and maximum permissible Mach number.

In case of non-balancing of the aifcraft at any given flight condition,
the pilot should fix instrument speed or Mach number, flight altitude, |
direction and ﬁagnitude of deflection of the pellet of the EUP-56 indica-
tor with free pedals and the approximaté force value on thé pedals necessary
to eliminate turn. _ |

At an instrument flight {speed of more than 1000 km/hr‘(aécbrding to

the wide arrow) and at a Mach, number of more than 0.89 to 0.92 is permitted

a smooth lead-out of the pellet of the EUP-56 indicator by *1 diameter with

free pedals in rectilinear flight without overload,
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For a lead-out of the'”pe_llet of gp to +1.0 diameter the pilct: should
have the ability to balaﬁce .the .turn by rudder pedel defiections opereting
under acceptable forces. Sharp spontaneous aircraft turns are not per-
mitted, The accuracy in determining the position of the pellet in various
flights 1s 0.5 diameter

Remark: If after the flight balancing was done by bending the knife
on the rudder, the next flight it is necessaty to check directional balan-

cing.-

E. Fiiling out the Leveling System

The pilot together with the LIS engineer should record in the flight
log book the speed values cf longitudinal and lateral balancing.
Remark: After adjusting balancihg data the pilot, prior to the next

flight, should be acquaihted with the introduced changes in control data.

II1. Instructions for the Technical Crew

Post-Flight Control Adjustment

Post flight aircraft control adjustment is done on the ground pre-
vided the adjustment data applied before the first flight have not provided
the necessary conditions for balancing in cgnformity with chapter "A" of

the present methodical instructions.

A. Longitudinal Control

If the piloc in Eﬁe flight hes not used the‘trimmer effect mechanism
and the balancing was founc to be crcper, then the test of the balancing
is considered coﬁplete; and if he did use it, then after landing it is"
necessary to adjust thevneutral'poeition of.the trimmer effec: mechanism.
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To do this it is necessary to adjust the flashing of the signal lighc

during neutral position of the trimmer effect mechanism, fixed by the pilot

!
when flying for balancing.

If the pilot reports that at speeds greater than the balancing speed
1 . .

(Vins = 900 to 1000 km/hr) p?lling forces appear of more than 4 kg, then

it is necessary to increase the lead-out of the stabilizer (to increase the .

. lowering of stabilizer nose), The lead-out of the stabilizer is adjusted

at Der = 0 (aloné'points 54'and 55).
| Adjustment of the lead-out of the stabilizer is done by dimensioned

change of the ARU by éhanging the length of the cable running tovthe ARU-
from the pllot and the length of cables running from the ARU to the booster.

To increase the lead-out of the stabiliier (to lower stabilizer nose)
it is necessary to tilt the ARU mechanism in clockwise direction (as viewed
from the left side). The lead-out of the stabilizer from the greater .arm
of the ARU to the smaller one must be checked wiéh stabilizer control
handle arrested and away from Der = 0 (combining points 54-and 55 of the -
left sfabilizer half).

The ‘adjustment is made in accordance with methodical instructions

~listed in appendix 1 to chapter 5, paragraph 30.

During ground adjustmént=of longitudinal contrbl it is>necessary to
keep in mind the dimension DeL'= 10 mm (stabilizer nose along points 54 and
55 tilted upwards) corresponds with the angle of stabilizer deflection .
(perpendicular to the axis ofj rotation) 1°30 nose upwards (see figure 55).

The increase (lifting stabilizer nose upwards) of Der (along points

54 and 55) by 1 mm raises the| balancing speed'bylapproximately 16 km/hr,
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An increase (lowering stabilizér nose) (or deduction) of the 1ead-§ut
of the stabilizer wheﬁ_switching over the ARU fromlarger arm to the smaller
" one by 1 mm deéreases (increases) ﬁhe tractionA(compreqsion).forces at
'speeds Vins ™ 900 to lodorkm/hr by 2 to 3 gg_ | .
7 Remark: The knives on thé trailiﬁg édgé of the stabilizer are not
a a means for'longitudinal‘balancing of'the'aircraft, but they servé to
assure minimum hinge moments of the stabilizer. |
The unbending of the knives of the stabflizer {s prohibited.
B. Lateral Control
For Aileron Booster Deflections
Lateral balancing of the aircraft with aileron boosters dgflécted
is assured‘by unbending the kqife on the left aileron. If according to
thep@lot's report during flight with deflected boosters the forces againstig
<ii>_ - ' »I, the handle necessary for balancing aircraft bank.during acceleration to

Vins = 1000 #50 km/hr and the deceleration to Vj,g = 750 km/hr, were more
than 15 kg, tﬁen‘it islnecessary)to unbend the knife of the left ailerén.

For left bank thelknife of;left aileron is tilted upwards.

" For fight bank theyknife of left aileron is .tilted downwards.

Adjustment is donw in conformity with paragraph 35 of the leveling
scheme, | | " |

The bending pf the knife of the lefﬁ aileron in opposite direct;on
of thé bank by 1 m@ removes fréﬁ the control handle a férce equaling 4 to

8 kg at Vipg = 1000 to 1100 km/hr.

With Alleron Boosters Turned On _ 'v ' ' v-7 .'J

Lateral balancing with connected boosters is assured by shears of

ailerons. If according to pilot's report when flying with connected

-
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aileron boosters a lateral unbalancing of the alrcraft is observed, then

it is necessary to adjust the shears of the allerons.

During left bank it is necessary (at neutral position of handle), by

adjusting the control cables, to deflect the left aileron downwards and
the right one upwards. .

At a right bank--left aileron up and right down.

In the process of changing the shears of the ailerxons the neutral
position éf the handle should not be changed.

The adjustment should be carried out in conformity with methodical
instructions governing_the leWeling’and balanéing.'

The magnitude of the necéssary deviation of shears of ailerons along
ﬁqints 38 and 38a is evaluated by the following ratio: during banking
for equal 5 mm movements of thé handle from neutral (the force against

the handle in this case equals approxiﬁately 0.4 kg) each aileron should
|

" be deflected along points 38 and 38a by +5 mm.

o
€. Path Control )

Path unbalancing of the %ircraft is eliminated by tilt;ng the knife
on the trailing edge of the r;dder.

When tilting the knife ik is necessary to use the following rule:
For right turn of the‘aircraf; in flight the knife ofvthe rudder should
be tilted to.the right (in di?ection of flight); for left it should be
to the left. Wﬁen the aircr;ft 1s making a turn at subsonic speeds the

f .
knife of the rudder is tiltédﬁin the lower section; at supersonic speeds

78
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- Inm the'center eection.the knife {s not tilted. ILf when making a

turn we evaludte the leed—out of the pellet to be 1 diameter, the knife

ekﬂ 4: .ﬂ i,‘J should be bent approximately 0.5 m.
u,“ | . h‘v Adjustment is made in conformity with methodical instructions
L :rf - governing leveling and balancing. v 7 '. B d;u'}r_;i‘ L
‘ o } ; . :i Filling out the Leveling Documents by the Mechanic V ; o ¥7.1'
-"ﬂ;~, 1 %_:. '} The.aircraft mechanic, after completing ground adjustments ‘concern-
' o ﬂ» ;, ing the control to assure ‘the balancing of the aircraft, has to fill out':
N :j - the leveling-dxagram.vr Co v SRR I
ol ;
A: . /" ; ;'
ﬁ::.ji : 5;_
L f
!
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KEY TO FIGURE 39

(1) Rear wing tank - 174 kg
(2) Front wing tank - 75 kg
(3) Front wing tank = 40 Rg
(4) Front wing tank - ;85 kg -

|
(5) - - - Landing gear, retracted
|
(6) =m=mme Landing gear?extended
\
(7) Expenditure of K-13 rockets (2 ea) shifts the c.g. position
forward by 0.1% MAC

(8) Expenditure of ammo of the NR-30 gun shifts the c.g. position
- rearward by 0.4 tol 0. 5% MAC :

O Co o ~149-
v ] | S-E-C—R-E-T
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e | | - 1 50X1-HUM
‘ A - -
ST ’ ‘KEY_TO FIGURE 40

] _

| : , S

} (1) Change in balancing of MiG-21F-13 due to expenditure of fuel in i

flight with K-13 rockets and drop tank

(2) Rear compartment of drop tank =- 152 kg

(3) Front compartment of drop tank - 248 kg

(4) Rear wing tank - 174 kg
» (5) Front wing tank - 126 kg

(6) Front'wing‘tankr-.180 kg -

(7) - - - Landing gear retracted

(8) —_— Landiﬁg'geagvextended
(9) Expenditure of KT&S fockets (2 ea) shifts the c.g. forward by
' 0.1% MAC /

1 .
(10) Expenditure of ammo of NR-30 gun shifts the c.g. rearward by 0.4

<f“? : to 0.5% MAC [ . o
| L o | : Y | 4 o ;
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e
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| N T 50X

KEY TO FIGURE 41 - ' S s

(1) Change in balancing of MiG-21F-13 due to expenditure of fuel in
flight with unguided missiles S=5M.

(2) Rear wing tank = 174 kg .-, ’Q ':j>v' o ‘. ' l»: B
(3) Front wing tank - 75 kg | o o |
(4) Front wing tank - 40 kg
(S)IFront wing tank - 185 kg
f

(6) - - - Landing gear retracted

(7)) Landing gear extended
@ I " (8) Expenditure of S- SM missiles shifts the ¢.g. forward by 0.1% MAC"

!

(9) Expenditure of ammo of the NR-30 gun shifts the c. g resrward by o

0.4 to 0.5% MAC | .
. : &

- S-R-C-R-E-T 5ox1 HUM’
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" KEY TO FIGURE 42

(1) Change in balancing of MiG- 21F 13 due to expenditure of fuel in
flight with unguided missiles S-5M and drop tank :

(2) Rear compartment of drop tank - 152 kg
’ "~ (3) Front compartment of drop tank - 248 kg
i (4) Rear wing tank - 174 kg »
(5) Frout wing tank - liO kg | /< ) - ff“¥~m;
E (6) front wing tank - 180 kg ‘ - K »
’ » (7) - - - Landing gear retracted // |

(8) —

(9) Expenditure of S-5M missiles shifts the c.g. forwardpby 0.1% MAC -f

/ o

(10) Expenditure of ammo of the NR-30 gun shifts the c. g rearward by
0.4 to 0.5% MAC - , ,

J j/" / . /

/

Landing gear extended /

!

C T . -1325- , /
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KEY TO FIGURE 48

(1) Axis Qf the nose section (on point 1 left and 2 left)
(2) Longitudinal front stringer '

(3) Longitudinal rear sgringer

(4) Rudder axis of rotation

(5) Axis of the reaf section

(6) Landing‘gear (

(7) For the assembling ;hop .

.(8) For LIS (probably flight-test personnel {Translator's note])

(9) Landing gear

(10) A right - a left = 0 + 15
A left - a right = 0 + 15

f‘<:i> (11) Axis of the nose sectionrof fuselage
(12) Longitudinal front stringer
(13) Axis of the rear section of fuselage
(14) Longftudingl rear stringer
(15)'Axis of the rear stringer
(16) Axis of cﬁé bean{ - : . - ‘ | ,'.‘

‘(17) Axis of the nose section.of fuselage

O ) ' | o N ‘ . . -iak‘ | . ' . : . - ' : "
_‘ , ' *~ S§-E-C-R-E-T : o
\ o . 50X1-HUM

]
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| 50X1

| e ,f S
‘ g . ' 'KEY_TO FIGURE 43// ' P o o

(1) Overall leveling N Y T

(2) Wing setting . ‘ / /
(a) to (¢): section : : ; C / /

(a): right

(3) Exceeding of points Y Left and Y Right : | o C B
. ' o : ;
(d): left ///

(4) Difference of excesses between right and left wing Y right and -/

Y left _ : | //

(5) Setting of rudder fin ~ o A

(6) Wedging of rudder fin _ : | . )
(7) shift of vertical fin by altitude - T s

(8) Section 25-26-27 | ' ,' ey

(9) Vertical on p 4-5 . v'/‘ : ., f

» (10) Line of‘leveling on'Z e ; - // ‘ o

<::> (11) Section 28-29-30
' o (12) Section 29a-30

(13) Flaps
(14) Diagram of measurement on flap

{(15) Blades on flaps

(16) Left flap

(18) Right flap

(19) Play of flap - hydraulics engaged '
(a) wing; (b) flap

(20) Maximum deflection - hydraulics engaged
(a) left; (b) right, .

S-E-C-R-E-T

- 50X1-HUM

.. - e I p
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KEY TO FIGURE &9 (cont)

v
i

(21) "Blade"

(22) Play h = 0 2 mm
- (a) left; (b) righg

(23) Setting of DUAS sight bgr '

L BOXT:

(24) Difference of vértical and‘horizontal measurements from.axis o?i R

sighting
‘(25) DUAS.headz(feaéy;ﬁgde item)
"(26) Axis of sighting
) ?-k27)1Anéie of éetpigg"? ,
“"(28; For the aitborne~gyn_éighflASP-SND (DUAS 8

'.(29)‘iﬁ the plap

(:;}l -(30) From the side

M) -1°30' .

(31) Fiéure 49. Measurements on the_wipg,-vertica1 fin and DUAS bar

‘ | : SR . §.E-C-R=E-T

. 50X1-HUM
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- . S-E-C-R-E-T : AR ‘
O ] |/ 50X1-HUM.
o | / ~ 50X1
. : v - . [ o ‘ :
i . KEY TQ FIGURE 50/’ . a //ﬁ. o
(1) Measurements on the ventral fin, tank ;nd pylons /;;
(2) Wedging of ventral %in » o 4v . : —\\i\\“r’
(3) Axis of fuselage noie section ' o - ?f
| (4) Rightward; (5) Leftward = : "//
(6) Setting of tank EG-AItA—OO
(7) Side view -
(8) Axis of fuselage nose section
‘ ' (9) Symmetfy axis of tank tail
i o {(10) Tank symmetry axis
| (11) View in the plan
(12) Symmetry axis of fuselage nose section
Vk13) Tank axis
O " (14) Setting of pylon for tank 4 26-8400{700_
| ' (15) Axis of front-fest
(16) Fuselage outline
(17) Symmetry #xis of fuselage nose section
(18-5 Setting of gird;a'r on wings
- (19) Chord |
(20) Axis of front rest
(21) Right; left
(22) lLeft; right
i (23) Right; left
{ (24) Left; right
: (25) Leading edge
(26) Axis of symmétry
(27) From aircraft ;xis
(28) P. 56 - 57 set from inside
g i S_E-.(i‘fll-E—’I‘ o
| 50X1-HUM

.. .. : e ! . ;
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S soxt

' KEY_TO FIGURE 51

(1) Cone
(2) View from above

(3) Cone fully released:

' (4) Side view

* (5) Cone fully released .

(6)1Agie of entry
. (7) M left
(8) M uppetﬁj - o
- (9) M'leweref'A
' (10) ‘Axis of come”

<(10A) Horizontal datum” line of fuselage,» T

7 ':'(11) Beginning of. the cone release (signal lamp lights ;p)l"
| (::) - : ‘ﬂ S - (12) Cone fully released L ‘ R
AR (13) Place "K" '

.(14) D inlet

¢ (5™ right - M left, or M 1eft .M right:

_(16) 9/right h = 0 22

(17) Inlet D plan = §63;t2. J o Ei
:'“'(18)°ﬁcone = 456 +1 ’
' (19) M ueper -M lowef‘kl o

: (20) D side = 663 +2 ;

k - (21) X cone = 456 11 '-f 1;
(22) Side view . .i
(23) D side . o .

_(24) Cpne axee f-: f;}

, - . " | SeE=C=R-E-T 5OX1 HUM:

o :
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(25) ©f cone

(26)
(27)

(28)

(29)
(30)
(31)

(32)

(33)

(34)

(35)

(36)

- (37

(38)
(39)
(40)
(41)
(42)
(44)
(45)
(46)
(47)
(48)
(49)

H . 50X1-HUM

KEY TO FIGURE 51 (cont)

Horizontal datum line of fuselage

"A-A" section
Front view

T right

T upper

T lower

T left

Cone retracted

T upper; T lower; F right; T left

Cone fully released

T upper; T lower; [T right; T left
=

- 50X1.

NOTE: Deviation Jﬁ +7 mm from the minimum value is permissible for
dimensions T upper; T lower; T right and T left; however, the arith-
metic mean of these deviations should not exceed 12 mm

Fuselage petals
Front petals

Side view

Horizontal datum line

View in the'plan
Axls of symmetry

Right; (43) Left

Rear petals /E6-0210-00/

Side view 35°9/right

\

Horizontal datum line

View in the plan
Axis of symmetry

Right; (50) left

440 -
QUEBP=RE-T

c

 50X1-HUM
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- | B oL - N © . 50X1
KEY TO FIGURE 52
(1) Diagram for measurement of cone positions
Measurements of K;, K7, and k3 are carried outiby scales drawn on the
surface of master form on both sides from the cone axis. Mean arithmetic " -
from measurements of cone release by the left: and right: scale is entered
in the leveling diagram.
',‘(gf )
(\" ’ . e r - . ' L -442- ] .
7 S - . o S-E-C~-R-E-~-T \ ’
' - 50X1-HUM
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KEY TO FIGURE 53

(1) Adjustment of longitudinal control
i .

{2) At \pstab, left = Q°
difference b-a=13
(3) Setting of stabilizer

(4) Axis of fuselage nose section (Horizontal Ehrough points
1 left - 2 left) '

(5) Axis of rotation of |the stabilizer

(6) "Shears" of stabiliqer, for the assembling shop
At D left = 0; right stabilizer D right:= 0 %]

(7) Left stabilizer
(8) a -~ down; b - up:

| (9) Neutral position of [the lever

(10) "Tilt" of stabilizer upon switching of automatic stick control
from the large arm to the small‘one

(11) Adjustment of longitudinal control

O

| , (12) For assembling
(12A) Stabilizer nose down
(13) For balancing
(13A) Stabilizer nose down
(14) Neutral position of |trimmer effect.

(14A) For assembling shop
Nose up
Nose down
Nose up '
Nose down

(14B) For balancing
Nose up
Nose down
Nose up
Nose down

1 C ro - ’ “Lake

S-E-C-R-E~-T

50X1-HUM
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KEY TO FIGURE 53 (cont)

(15) Dimension D, at neutral osition of trimmer effect mechanism . } :;325 S
P E

_ For assembling shop _ For balancing ' ; '

Dm=10 #2 mm (nose up) ' D, not regulated

(16) Maximum deflection of stabilizer and motion of lever "Trimer effect" £
mechanism is neutral. Hydraulics engaged S

(164A) Maximum deflection of stabilizer
(L of the rotation axis by the angle gage)

- (16B) Maximum motion of the lever from neutral poeition-if‘
(16C) Pulling back | | | | R
(16D) pushing forward . . R IR '?:"-f'"
\(16E)'Large arm of automatic stick centrol ‘
© ' . Left stabilizexr - ° ~° .- Right stabiliger

'~\~Nose down nose up ? 7 - Nose’ down -nose up

L. an Play of longitudinal control system hydraulics disengaged. _Loae_.”'Tx
: mechanlsm dlsconnected ’ . -

(18) Small arm of automatic stick control Co :i S o ” fj‘i::ppj:fwa:f;v

: ' S S (19) Travel of stick T

playn up to 31 mmv';" b_'ﬁ» L ; r.f" SR :fpvlf . '

.
'
: .1
) .
i
v I
j i
i !
i
:
i
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KEY TO FIGURE 57
(1) Verification of transverse control
(2) Neutral position bf Lhe lever
(3) Hydraulics engaged ‘
(4) Item in the levelingiposition. Lever positioned by plumb line.
Distance from the left side of cabin (reference point 217 to
point T on the lever)
(5) C left
(6) "Shears' of allerons
(7) Hydraulics engagéd. Lever in neutral position
(8) Face, section 1
(9) Aileron
(10) Aileron
(11) Wing
(iji‘ (12) Aileron's axis of ropatioﬁ
( (13) Section 14, face

(14) For the assembling shop
H left = 0 1

(15) Dimensions
-H right = 0 1

(16) Up

(17) Down v

(18) Up |

(19) Down

(20) Shears H=H right + H left;O +2
(21) Right aileron up )

(22) Right aileron down j = o S ;////”’/

(23) For balancing

C} ' _— - 150~
-~ S~-E-C~-R-E-T
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S | | | 50Xt

L | ) N ) ' KEY TO FIGURE 57 (cont)
: . (24) Hleft =0 8 mm up/down
H right = 0 8 mm up/down
(25) Shears H=H right + H left=0 £16 mm
(26) Rigﬁt ailerbn up )
© {27) Right aileron down
-(28) Maximum travéi of.leQer and maximum anglés of aileron deflection
(29) Verification 6f transverse control
(30) Maximum angle of aileron deflection
(31) Maximum travel of the lever

(32) Aileron
' Standard
Left

Right

oo - v, s (33) Hydraulics engaged

_ (ij\ o L Up Dowm

: fﬁ LT o (33A) Hydraulics disengaged
) Up Down

(34) Hydraulics engagéd‘:

(35) Standard ;
Actual /

(36) Rightward i

(36A) Leftward /

f i

(37) Nonlinear mechanisms. Hydraulics engaged

(38) Aileron deflectioJ angle at left-to-right lever travel of 50 mm
Left aileron . ; Right aileron
Up Down : Up - Down

(39) "Blade" of left ailerom

(40) For the assembling shop . . /
Hyjage = 0 1 mm ‘ / 4

S~-E-C-R-E-T

50X1-HUM

. o . e '/. ‘J
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@ | ] 50X1-HUM
L ‘50X1°
% '
| l REY TO FIGURE 57 (cont
. (40A) For balancing '
Hplade = 4 mm
up
down
1 .
(41) Verification of path control
Maximum deflection angle of rudder and pedal travel
‘ (42) Rudder
% (43) Maximum deflection angle of rudder left right
! - (44) Maximum travel of left pedal rearward forward
| . .
- {45) Rudder axis
| ' (46) Blade
\
| (47) "Blade" of rudder
! (48) For the assemblihg shop
| HLO¥ETa 0 £0.5 m
i . blade e ! /.,
} C\ - SH HEPRGE= 0 £0.5 mm - — _
- r (49) For balancing .
(50) Left -~ right
| o (51) Left =- right
\ . SN :
1 2) According to flight left
A(S ) According to flig right
\
|
| | ,
r .
' i
|
|
\ :
i
B (\ | : -152-
‘ - : S-E-C-R-E-T _ .
i . 50X1-HUM
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KEY TO FIGURE 59

{1) Forces on stabilizer control lever
Small arm of automatic stick control {forward motion)
Trimmer effect mechanism in neutral
Cradient of the change of forces

i

pulling back
pushing forward

(2) P kg force
{3) Upper limit of the forward motion
(4) Pilot presses "away from himself"
(5) Lower limit of reverse motion
(6) Pulling back
(7)‘Pushing forward
(8) M lever mm
(9) Lower limit of reverse motion
(f“\ — o ' . ’ﬁ {10) Pilot presses "toward himself"
(11) Upper limit of forward motion
© {12) Maximum forces
(13) Automatic stick control

(13A) Lever in extreme positions'

(Mpax 5 mm)
A . (13B) Pulling back

(130) Pushing forward
(13D) Large arm
{(13E) Small arm

(14) Operational range of trimmer effect mechanism.
Hydraulics engaged

__:\\ i . ’ , ’ ) ' , l ) _155,.
( S T : ‘ : . . " . S~E-C-R-E-T

5OX1 HUM'
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.| KEY_TO FIGURE 59 (cont)
i 5 - - o '(15) Arm of automatic stick cogtrolr : - . ;/;/,,f"“
. ~ (15A) Large o o

(15B) Small

(15C) Switch on lever

(15D) Maximum travel of levery in mm from position with neutral frimmet :
effect mechanism :

(16) Forces on aileroﬁ control lever (forward motion)

(17) Maximum forces on lever in kg
\ (Myax = 5 mn)

(17A) Hydraulics E

(17B) Engaged -- Diseﬁgaged
:

(17C) Lever left -- léver right

{

(18) Forces on pedals}‘fﬂydraulics engaged (forward motion)

A<:i> (19) Maximum gorce onipedal (left) in kg
Mpax - 10 mm)

‘ _tZO) Landing gear l

(21) Retracted 1

(22) Pedal pulled bac#

(23) Pedal pushed forward
: j ,

N
k .

‘w1567
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KEY TO FIGURE 62

(1) Axis of the nose section (on the point 1 left 4/; left) -

(2) Axis of the rear section
(3) Horizontal datum line of the flap -

|
&) Kg_b - air brake ?‘

/
i,

(7) L= 0 +3 (if the point is above the axis)

(5) L-displacement T.3 ief: relative to thj/@xis of nose section .
1

(6A) - left

(6B) - right

(8A) - right
(8B) - left
(9) E right

(10) € right

C | | (11) C left
N | (12) E left

|
' (13) right
|

(14) 1left
(15) right
(16) left
(17) C right - C left = 0 + 10
(18) C left - C right = b + 10
(19) Axis of the nose ge;tion of fuselage /!
(20) Axis of the‘rear se%tion of fuselage

| . ) (21) Longitudinal front ?tringer

(22) Longitudinal rear stringer

’ A ‘ : | -160-
o - | - | S-E-C-R-E-T

;

. 50X1-HUM

50X1

50X1-HUM

i . ' [
Declassified in Part - Sanitized Copy Approved for Release 2014/02/06 : CIA-RDP80T00246A030200200001-3



P
‘ — S e

i s ]
Declassified in Part - Sanitized Copy Approved for Release 2014/02/06 : CIA-RDP80T00246A030200200001-3
~ §-E-C-R-E-T @ '

(5. | | 50X1-HUM
- , ] | - 50X1
| ‘ o i KEY TO FIGURE 62 (cont)
‘ ' " (23) B right - B left}- 0+ 15
(24) B left = B righti- 0+ 15
(25) R right - R leftim 0 + 10
(26) R left - R right}- 0+ 10
(27) B right
(28) B left ;
(29) Axis of longitudinal rear stringer
(30) Rib 2 “
(31) Axis of longitud;in'al rear stringer
(32) Rib 2 'i
(33) Axis of spar !
{(34) Axis of beam
(r\\ | (35) Axis of the ﬁoseisection of fuselage
| g (36) Nose 25 |
(37). Nose 21 l
(38) Nose 21 - 'fi
(39) Noge 25 }
| (40) A right
(41) A left
(42) Ki-b - air brak;
(43) A left - A righg =0+35
(44) A Tight - A left = 0 + 5
(45) KL = 446 £10 é
(46) Left [
(47) Right | ‘
(ﬁ - "=r,'£ '5;,‘“;a-..:~ . S
- ' SIS ' S=E-C-R=E-T. ‘ SR
‘ 50X1-HUM
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KEY TO FIGURE 63
(1) Twist of fuselage : ’ ' ,' . /'?/
(2) Leveling of fuselage on assembled product (setting by points; /, )
in length - 1 left - 2 left; in width - 8a left - 8a right) '
| .,
Yy 1eft - Y2 rigﬂt =0+2
Y3 pight = Y3 lefe 0+ 3
F
Y3 jeft - Y3 right =0+ 3
!
(4) Setting of stabilizer
(5) Verification of lateral dihedral at (b - a) f :
Left = 13 %1 / L
Right | F o
: ’
.(6) Section chord of stabilizer from nose section of fus:iage
(7) Angle of lateral dihedral of stabilizer l
(8) Verification of stabilizer setting by altitude at the difference
Fi* b -a=13 : o :
S~
(9) Axis of the nose section of fuselage
(Horizontal through the point 1 left - 2 left)
(10) Diagram of measurement on flap
Hydraulics engaged
(11) Maximum slot of the flap - P on the rib 2 (wing)
(12) Setting of wing fence
__ (13) Axis on p. 4-5
(14) Axis of fence
C\ - | -163- : |
S ' S-E~C~-R-E-T '
: - 50X1-HUM
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| KEY TO FIGURE 64

(1) Stabilizer deflection'dngles

(2) Hydraulics engaged

(3) Normal pressure ‘!_
" (4) Indicated by instruments KPU 3

“ L S (5) Left stabilizer .
h . PN |
|

(6) Right stabilizer
(7 vind ’ ﬂ
km/hr ;

. (8) Hyng
km

(9) Maximum down -

Normal Actual - 'D actpal-

{10) Maximum'up o 14 . )
Normal  Actual - D actual,

‘ (:;) - :\~'_ . C(11) Maximum down’ :-;"}'
o . e S ) . Aptual D actual; L
 (12)'Meximum up . ?bp'.
Actual D actual '
(13) Large.arh;:f: |
_(14) Average a?mfv'f'f}_::i;i e
(15) Small arm * p
: '(16)'sma11.apﬁ'f o
(17) Small.arm
(18) Medium arm
: (19) Large~afﬁ
(20) Fprceslon stepii;zéf contiei lever

(215 "Trimmer effect" meéhaniem in néutref
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KEY TO FIGURE 64 (cont

{
|
|

i
(22) Gradient: of change in forces

(23) "Trimmer effect"
stick control ARU (forward motion)

(23A) Pulling back

(23B) Pushing forward

(24) P kg force

(25) "Pulling back" Pt=70 %15 kg/m
- = (26) Pushing forward

(27) Large arm =
V ind = 0; H indi= 0

(28) Upper limit of forward travel
(29) 18.5 tygyep (mm)
(30) Lower limit of reverse travel

(i“\ (31) Upper limit of forward travel

{32) Medium arm’
Vind = 0; Hind =0

(33) Lower limit of reverse travel
(34) Lower limit of reverse travel

(34A) Travel 90
Maximum travel |96

(35) Upper limit of forward motion.

{(36) Small arm
V ind = 1100; Hiind = 0

- - (37) Maximum travel 220
(38) Lower limit of yreverse travel
(39) Upper limit of |forward travel

(40) Pilot pulls "toward himself"

s 1 50X

mechanism in neutral. $Small arm of automatic

§

‘(i:D . o 166
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j(43) Indicatlons of instrumenc KPU-3 - MQ°

(44) Friction force in kg

S—E-C-R-E-T

KEY TO FIGURE 64 (cont)

- (41) Friction force on stabilizer lever in kg

L (42) Hydraulics engaged

:‘(45) V ind, km/hr "

(46) B ind, km
(47) Standard
(48) Neutral position

(49) Extreme position -

650). Pull back

{51) Push forward :

: (52) Play (by forces) on stabilizer control lever (on point T) wich jejhé'

hydraulics engaged

(53) Small arm of automatlc stick control (ARU)
Travel of lever Tplay = up to 6 mm :j

‘f(54) Large ‘arm of automatic stick control (ARU)

Travel of lever = up to 10 mm lﬂ"

play
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(1) Nonlinear mechanism

(2) Left aileron up

\' . 50X1-HUM
| 50X1

KEY TO FIGURE 67

(hydraulics engaged)

(3) Leftward travel of the lever (mm)

(4) Rightward travel of
(5) Allowance

(6) Play (in travel) on

the lever

the aileron control lever: (on point T)

with hydraulics disengaged

(7) Travel of the lever

(8) Left aileron down

Tplay = up to 10 mm

(9) Graph of forces on the lever from the load mechanism of
ailerons (hydraulics engaged)

(10) Maximum travel of the lever-

'//
\

(11) Pilot presses leftward

(12) Upper limit of forward travel

(13) Lower limit of reverse travel

(14) Leftward travel of the lever

Ty (mm)

(15) Rightward travel ofjthe lever

(16) Lower limit of reverse travel

— " (17) Upper limit of foerrd travel

(18) Maximum travel of the lever

\

(19) Pilot presses rightward

{(20) Gradient of chaﬁge in forces

(21) P} = 65 15 kg/m

(22) Play (by forces) on

the aileron control lever (on the point T)

with hydraulics- disengaged

(23) Travel of the 1ever

(24) Transverse control

‘play =upto6mm ;

-174° .
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